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INTROIDCTION

Many useful applications of atomic absorption spectrophotometry
(M) ,have been developed since its introduction in 1955 by A. Walsh
(l)f!. During 1968 to 1970, the author took part in and helpe(l
coordinate tvo series of cooperative tests on t.~ use of AA for
portland cement anal:,.-;;is, (;ond,,~"'ted in colla.bora.tion with the Sub·
cOlmllitte~ on Materials ("~ ~.~ .i\.lIlerican Associa.tion of Sta.te Highway
Officials (AASHO). TWit stud~r was under the jurisdiction of Technical
Section 3.1 on cement, which had established a Task r.'orce on Rapid
Methods of Chemical Analys1s • A report descdbing the reeul1;s obtained
by the cooperating laboratories that took part in these tests has been
published (g).

One of the methods described in that report, utilizes standa.rd
cements from the National Bureau of Standards (NIlS) for preparing
calibration curves (.l). That method, with only fslight modifications,
has been adopted by AASHO as an optional method for analysis of
cement. In the other twC) methods studied, standa.rd solutions f'o'c
calibn\tion were prepared from reagent chemicals. In one of th,eHe
methods all the silica was put into solution along wi-ch the othel'
constituEm'l;s. In another method, a detennina.tion of silica on a
sept\rate ,~MlPle was described. In both of these cases, the silica was
present in an acidified solution as silicic acid. SUch solutions
cannot be stored over any extended period because of the eventual
separation of gelatinous silicic acid.

From experience gained in those cooperative tests, it became
apparent to the author tJ:>..ai'. it would be desirable to have a mora
refined method for analys.1s of cement by AA thai; would:

(1) be calibrated 'With standard solutions that can remain
s table for months, or even 1ndt~finitely;

(2) contain silice. in solution and permit its detel'mina.tion
along with the other major constituents of cement; and

(3) be be.sed on st...e.ndard calibration so1utions which could be
:prepa.red either frorl1 chemical reagents or fr.om NBS stand.ll,rd cements 1

whichever was more convenient to a labol'atory,.

From an examina.tion of the li.terature, there appea.r(~d to be two
possible ~outes by which these three objectives might be achieved:

-------_._---
T'ile under11n;.ld numbers i.!1pti.r'ertthesoB ind,icate
the refe~ences listed on pages 27 E~d 28.
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(1) A fusion of cement samples 'With a auita'ole chemical flux rolioved
by acidification. (2) Tx~atment of cement samples with hydrofluoric
acid plus either hydrochlor:f,c or nitric acid or bot,h, followed by
addition of a reagent to complex the excess hydrofluoric acid.

Use of Fluxes for Decomposition

Mthium metaborete (LiB02 ), lithium tetraborate (L~B40 ) and a
mixture of 1;he two, have been recOllllllfmded as fluxes for aeco~J?O~ing
rocKs, mineI~s, and silicates (4), (2), prior to a~lY5is. Brown,
Mac,Kay, and ~ek (6), made fusion.s at 1200°0 using lithium tetrabora,te
as a flux and :l:'eport.ed~pat after t.reatment with hydrochloric acid,
the resulumt solutions had a 5hf:1f life of 3 to 4 months.

Use (~f Hydrofluoric Acid as Decomposing Agent

I~r aDd ,Gran (1) were probahly the ~irst to use ¥rotluoric
add to decon,pose tdli,~ate rocks followed by a determ:l.na.tion of
s111eo1.1 on the resu.ltant ,solution. They demonS1;rated that the de
composition p~Qcess at ~oom temperature results in only a negligible
lOSf. of. e.lliCOT.h 'T.ht~ \'!lXCeSf~ IfF must 'be eithel' removed or conrolexed.
These at'l.thorsconfit'med work by Tarutani (8) 'that alwninu.tr, salts
l:~re more effective f(;rr cOll1plexing HF than boric acid. In an earlier
paper (~?) they pointei'll out that after they had complexed excess HF
using t!i l~olution of boric acid, their solutions of 0£. - silicomolybdic
acid in volumetric flasks exh:1.bited an increase in t~l1ica concentration
upon stcruUngJ due to attaek on the glass. This increased concentration
did l').ot occur when they changed to th.~ use of A1Cl~ as ·the complexing
agent. J

Wilson (10) decomposed silicate minerals With hydrofluoric acid
prior to detei=iii1.;'ling f'errow; iron. He pointed out that toore is a
tendency for insolUble fluorides to form unless the solutions ~re

kept quite acid. He recommended at least 4 N sulfuric acid. He
found that addition of boric acid served the double purpose of
bringing inso~uble fluorides back into solution and prot~cting

glassware against. attacK.

Roos and P:tice (ll) rel>orted that. 2 g of boric acid to 1 ml ct'
40 perc,ent r~'drofluorrc acid was found to p:revent precipitation of
lanthanUll' ~. ~'ride w14~n 20 ml of 5 percent lallthanum solution was
added. den thi,s author attempted to follow this procedure J it was
found that a copious wb:1t6 precipitate resulted. In persona.l
correspondence v1th the senior author, (Roos), it vas learned that
5 ml of 30 percent hydrochloric acid was also required in the solution
of HF + U3B01 + LaCl:! to prevent precipitat:l.on. '1'111s authcr ~~ont1ntted

the latter f1nding. Hoos and Price used plastic beak.·~rs for decompooUion
of the sample J but a.p~at'ently made dUutions to volume in glass. They
used reagent chemicaJ.s as standa.rds.
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Bernas (12) described a method for decomposition of silicates of
tektite type for AA analyaia. He developed a decomposition vessel in
which the semple was in contact with a Teflon crucible, the latter
being supported by a corrosion resistant steel outer container. The
sample was tr,eated in the sealed container wi ttl a mixture of aqua
regia. and hydxofluoric acid for 30 to 4,0 minutes at nooe. In as
much as plast:tc "oJ ·:~tric 1'l8.s1'"..6 were not yet availa.ble, Bernas
added boric ac:!.d, diluted to volume in a glass volumetric t:1.ask, aDd
transferred the solution to a polyethylene container. He cautioned
that the solutions should not remain in a glass container for longer
the,n two hours. He used reagent chemicals a.s sta.ndards.

Tenouta.sse,DeDonder, and Smitz (~), described a method for
anaJ.yzing cement 'by AA in which they decomposed the san\Jlle a.t room
temperature With a mixture of Hel and HF, then a.dded HN03 and HiBO~

solution. The solution was then diluted in a glass volumetric rla.~k
ano, transferred 1mllediately to a polyvinyl container. They used
reagent chemicaJ.s as t3t.a.ndards. In the \w:i'k reported in that paper.,
they Med rather concentrllted solutions in \~hieh cr.'l.1cit.:u:rt '\;'as mea,su1"ed
(about 160 ppm OaO), and recornmendt:ld tUl:ning the 'burner 90 degrees to
shorten the path of the radiation thl'ough the f1al'llCD

In a later paper (14), Tenoutasse and D(~Donde1;' r(~:f':1rw~d their
proc(~dures somewhe.t. They emphasized the use of' ''b1'~lck(~ting'' an,l
used grea,ter dilutions in which to mee,su;re th(1 elerrJents. :Xl'). b~'ac,kCft~

ing, three solutions are used: a standa.l'd solution cO.l'lta.1.ning a, 1:ti',t1e
less of the const1tuent thL'l,l1 the sample" one containing a. l.J,ttJ.(~ more
of the zonstituent, and the sample ,jolution on which the (~on$t:tt·uent

is being determined. In this study the;;' used on.\y the nitrol,W o:Kide
burner for all elcllnents rega.rdless of vrhether air or rtitrmw oXid(-;~

was being used 6S the oxidant and kept the burner in. t.he parallel
position for all meaSUl~nllints. They determined te~ elements and ~u~lted

exce-llent precision va.lues. It is not cl;;;ar on '..hat basis these ritandal~d.

devia tiona were obtt'dned I whether on sel'C\l"ate ss.mp.l~s weighed out 01:
different da.ys, or on ~'epeated determirJ$,tions us:1l:li 1,he se.me solutions,
The number of determ.ina.tions is also not e't.M'(jd.

Choice of Decomposition Method

When uGJ.ng 0\ fusion techniq~v~ to ,i,;;!compQse the IHunple; a, ;:'lux to
sample :ratio beb~een 10 and 20 16 geoor,ally reoall1lellded" Ai'tor neutral
ization wit.. acid I the l'osu1tant so1ut:l em c<.mtains a. ra:th(~X' high con..
centration of sel ts. Hhen the author il'lvestiga.ted fu.s;\'on tcwhniqll,C5;
there was a tendency tor the burner to become clogged, 1"1118 reduced
the precision of measul'ements beIng made. Also I the time re~u.irf!;'d to
disl~olve the fused material seemed excessive.

vihen a. ll1ix'l;1,t1'e of h~rdI'ofluoric,~ hydrochloric, and !l:ttric 11(: ids
is used to decompose the sample, foLlo.red b~' th~ addition of boric
add as a complexing agent, the rat:l.o r)!' boric add to sample it(~i~llt

3



is generally about 7. A1C13 could not be 'L\Sed as the cornplex:i.ng
agent ·be~'1.u.se it '~ro.s necess8.1:J" to determine aluminum.

For ther:e :n::asons} most of the work included in the study reported
here utilized a m:ix':;ure c:t' hydl'och1oric, hydrofluori", and n:1.trio
acids to decompose the sample, :'30r:1c acid '.1M, added to ()()!'!tplex excess
hydrofluoric acid and help protect gli:lssvure where glas3 ;ras uf;~~d.

For the purpose of this study, it 'v{cHel decided to concentrate on
the de'i,;erminations of seven of th.e constituents of cellleni:. 'by Jill.: 8i02 ,.
A120::" Fe20,~, CaO, MC:Ol N9t,?O and 1S:0. In the first :part of'the ,:tudy,
reagent chenlicals i;e;.:'e used to prepare standard solutions for co.li
bra:tion purposes. From cal.culations, it \'laS decided to base the corl
eerr'cratiom'l of the stock j;'eagcnt standard solutions (concentrated
solutic.nB containing mixtures of the pr:1JnIl.ry nw.!?;'mt standards) on D.

0.3000 g sample of cement in lOll ml of ~lolut.:lo!l. This 'Would make it
possible, by approprla to aliquoting JirO(:edures, to obtain diluted
solut:i.onn for AA met;$urements "hich "auld keep the response of ab1:.iOrbance
to concen.tration :i.n a :tineal' range for a1J. 'the constituents to be meas,~

ured. These eondi C1,OilS put limitatioDs on the eoncentrations of prima.ry
reagent standards to be used. NI\3 standar<l cements ,f Nos" 1011, 10J.3,
10J.5, and 1016 "vere selected 1;0 be 1-wed a.s unknowns, and j,t 1v3.s planned
to determine by AA tl'.\\;; $(~ven c(lnsti tU0':nt~l, lis ted.

In the second par"!; of th(,; ::;tudy, Nre gi;.(:l.ndard cement.s, Nos. 10ll."
1013, 1014, e..nd IOl!) ",'f;:~re UfJ/:::U as standards and 'Here ('\i5s01ved (the
(~oncen1:,rat~;j solutions referred to as :3 tod:, Ci."JYlC~lt $tanda.:rd soluttons) in
if. exacU;,,' t;he lll~mr"! I.m:mm~r as the cement 8amplf;~'\) t(;l be anu.l;yzcc1. In t:nir..,
phase, detc::rminatiorw, ,,,ex,,,~ made on NBS (,tf.l.ll(}o.:cdcf!:ments, Nos. ITr l),nd 1016.

SPECIAL INS'l"RUMENTA'J.\IO:I~j OONS:r.I),mRATIO!~8

'£'he a,:,·lf.l.ratus used is listed ;tn Appendix A, The ,"..',.J:;:tn-B.1.ul'ii:l'
(P-E) Mod.eJ. 303 Atomic Absorption Spoc:t,mphotanetel' (1\1odel 303), (;1:;2),
'\lhic:h '\ows us~d fo.r the 1vorl'~ re~?urted 1.n this ({tudy ~ bld been mod:l.,f'i'iHl
t'Y replac:ing t,he orieil1al burm~l' anci mount. with e,n improved bu:t'nfJ:C nnd
mount, Part .H\'), 303,·0410, aad tll:,l o:dgino.l stain.less steel nebulizel'
vd.th I'm. imp:roYcd (~():r.:17o$ior:\ rer;:i.nta'lt. nebu1izer., 303-01+(Yf. An attach
me'nt cr:1,:l).cHl d,l1odr::l neIll D:igital COl1(~(mt:ration Hsa-dout, P"'l·t. No. 303
0177, (:r:.K:m,')(;:tc.), vhic:h pl'ovided a fov.r-digit l'(::D.dou.t on all illwuinated
(~o'!.tnt(lJi' ,\, im~\r"i:;':~d iJ:l C<:)rI,;1Ixilction ",lUI the Model 303.

'l"hn DCl:l:l.{~UnVEiI,'l:1.",ml'J.y enables the absorba.nce to be ~'(1tt''l dil'ectly,
"\,:tthout, :fired, ·llo.,\-:.;i,ng m, a.i)ool'p (.:i.on reading o.nd t.hen finding the
~ilbB()rl)fJ.nC(~ ("I~lU:l.'v'(!u.eJ),'t, b:-i' r0f,!;;.'~:nCE: to 8. tnbl(l. 'l'hc rele,t:tonship
'be:t,"I'(;'en r;to&CJl'hanl.:l0' b\nd absol';>t:ton is:



genera.lly propo.rtione.l to absorbance, not to abso11'tion. It is
also possible to obtain readings that are multiples (or s!,lbmu.lti;;;les)
of the absorbance, by using the CONCENTRATION mode.

One observation on the u.se of the DCRl should. be nlllde at this
point. In the author I s exper-ience with this readout device tht'~re is
no advantage to using a zero suppression technique as far as accuracy
and variability ~re concerned. For eXBmple, when determining CaO in
cement, it might seem advantageous, if IHl.Ch "zero suppress ion"
adjustments are a.vailable, to set the in13trument to read :near zero
when a solution derived from a low-lime c:ement that contains 6r::f/o CaO
is being nebulized, a.nd to read a. high m\ln'ber when a solution from a
high··lime cement that contains 67'f, CaO is being nebulized. In other
words, this would expand the readings over the range of expected
composition. This technique hus been recommended by some investigators
and it 'would seem to be desi:r:able 1'01' sensitiv:l.ty in the case of' a.
major constituent. There probably ar<.~ readout devices which prOVide
useful zero SUPPl'0SS ion. In this study, however, when zero was
suppressed (Using the ABS ZERO SET knob), the variat,Uity was not
affected. In Table 1, it can be seen tha.t eXJ?anding sc,::eexpands
the standard deviation, also that after zero has "o',:en s\JI.ppJ.'l~ssed, the
standa:rfl deviation remains essentially tbe S~Jml.': t-ts before. There may
be some advantage to using scale expB,nsion, although proba.bly not much.
For a cement containir.g 6'7.0% CaO it would seem advisable to be able to
ob-t,a:i.n absorba.nc:e or cOl'lcentrat:ton readingl:; .significant to 1 part in
670. It may be easier to do thil3 1.f the r~mdout. is l.f.>211- rat.her than
0·309·

Some diff'iew. ties Were ex:pt~:t'ienced "hen us lng the nitrous oX:Lde
burner head' prOVided bJl' the manufacturer for the ModeJ. 303. vihen
using a nitrous oxide-acetylene flame to determine refr8.cto1.';Y ()lement,;
such us silicon and aluminum, carbon deposits formed on the burner slot
and interfered with the flame. These deposito could be scraped off ',dth
a carbon rod but tended to refOl'ln a.nd interfere aga.in during the 8.8p1r2 r'
ation of a sample. A TechtrOh n:itrous oxide burner head (1.1odtl A13-50)::.I
Which had been recommended by Iltdns (11), was found t00!;; t~ffe",t:tve in
mil1i.m:l.z.:l.ng the fonnation of these cax'bcm deposits. rrhis burner bead il>,
constructed ';lith grooves on both :::::.cJos oi' the slit. '['he gN~Nes are
about 10 lTCJl ;ride, 5 mm (J.eep, and have sloping Hides. The slit i.5 ~ibout

B mm long(~r than that cf the burner hee.d formerly' used, H feaiiure ~rhich

inereaS8s sens:ttivity somew11e.t. A sta.inless steel ade;.pt~~r WaG constructed
to enabl,,) the 'l'(,ch.t:t'on 'burner head to be w;;ed w:l.th ·the p~g 'burm,r and
mount, Part No. 3O:·H)/+lO.

TwO other burner heads momti'e.ct\l:t'ed by F-E 'Were use\1.. 01W ''lIM S
3~$10t BolinG burner head for air-acetylene m:b:tures. ~:he other was (;.

y<.i1YGiiilO,i" i.;rom-K;"t:ograiii1" Iiivision~fVo.ri~illAs s?<l:ia teo,
1;500 Kin/!,' s H:i.glnra:/, Cherry Hill, He"/ Jerne:r oBenh
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Table 1. Il1ustration3 of Use of,~cale Expansion and Zero
Suppression with DCRl !I

0·320
.30'7
.303
.299
·302
-306
·309
·3a2
.296
.2~ -1

0.3 =3.04xlO

6.206xlO-5

7.9xlO-3

Coneentra.tion
(same scale
expansion, with
~ero suppression)

5. 388xIO-5

7.3xlO-3

·309
·308
·308
·309
·310
·311
·310
·307
·308
.310

o:309=3.09xlO-1

1.550xlO-6

1.25xlO'·3s

Reading
Number I Abso:~bance Concentration

l<DO Beale (sce.le expanded

_~ , _e_xp_:,_e.ns_i_~_'n._) .:.::5=-'2:;.;5::.t-t_.im_es, nozero suppression
used)

1.626
1.622
1.624
1.629
1.628
1.636
1.625
1.611
1.613
~:..§23_
l.~

1
2
3
4
5
6
7
8

I 9
10

rvere.ge

s2

~ Readings obtained fl'Om 12.86 ppm CaD solution.
P-E N20 butner used; Flow: air-51 C2IL2-5.1.
'Wavelengt"n =42~~7 A, Slit: 1;" Noise suppression 2.
Each nading was Qbtained \lith the AWAAGE
knob in the 16 x pos H.~,on.
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burner b,<;!!.I/,l deG:tgned fot' HUe \,,:I.t.h ni ttou~;; oxide. It had [1 sinGle,
)(,1. nUrt .';lot and .ron UiH"<l 'Wi th f\h'~!\cetylel:le for t,he c1~ctennir\a,tion of'
cI'\1(~:1.1.W!. :In tjd,B deterattnat:ion UiW or the Ginc;le 1310(, blE'Her provided
10::\i; f:;mm:lt~tv:lt;y but bettc:t' pl,'ec:li:llon than Ute Boling lJurneJ:', '11he
fJ..l~mf! pr(,)(.lucl,,~d b;1 t;he n:tlirouG o;<:lde bux'l!.fn' lHW,d 'W1:l.rJ 8't<;ad:l(:J.'.

});Ilrly 1nveGt:l.gatoI'G have itlfarred that It DO. complexes excess IlIi'
llnd 'tJIUG p:t'C'tec to e;lv,sG containers and permltd t~(-jir use without
cI'Hu:d,ng erro:'!'s 1;)0Co.U[;e of the decomposition of gla.ss l:;y Ill", At.tempts
In t.hl0 ntud;)!' to ,We glo.;:'I; 'VolwJletX':Lc fluGlw with solutloIlI3 Gvntn.:Ln:i.ne
Hli l p.lwl n~~]30;~ grwe vel'yUsappO,int:l.llG l'esu1 t.s. ~~'h:i.s cOJ'l'obCil'& teD thu
.flnd:tngf~ 151' :Lallgmyhr Ut Graff an iV(~11 I1S 'l'al'u'tan:l,. and otbH'() that
lielric f.~cJd dOUG W)t cowplct,','ly ci..H;ll)lcy; IiI;' an,d t.rwrcf'm'c dOGe:: INL entirely
protect £!~lf:l,f,"; from being attacked by such Golut:l,Qnfo', Poly'pl'oPJ'lcnc
voluPJ.et,:t':l,c flaLll<:G (J,G vr011 1.\1, 10~ and ;:~5-ml buretB lI1CLdc: of the Gam(;
rO!\t,cr:i.al, became l:wa:tla'ble dud,ng tho c:ouJ'ec: of th:lH Gtudy. 'J~h()reL\i't(,:r.,

polyp:t'opy1cme volumetr:l,c (~qu:i.:pment 'Hi-M:I used 'vhe'I'evcr feas:.i.l)l(~,

RESlJWB

Detal1s of the method developed r:md used in tM,s stuclil' are given
:l.n Appendix A, '.L't1blc ~~ :t.nc:l1J.u.es the l'(~!mlts o'bto.in,'ld for tlw NPS
Stanc1ax'u Samples of cenH;mt.) Nos, 1011, 1013, 1015, I;tn('! 1016, us:ing the
procedm:'e and ctock l'Ga,gen't s tandn.l'd so):U.'biOllS. Each determination
repre,;ontG 11 f3epn.rntc \oreJghedpo:t'tion of the (1er:K~nt f3[\mpl(~, Six
dete:rrninatiollS ",lOrE,! tr\,<~de of ea.ch constituent on the four :3HInpler,. AJ,GO

g1veIl in Table ;2 arl: t.he average,,;, the NBS certif':icate valueD, the
diffel'(mccs (AA p(H'cen"~..certif:i.cr:rte percent), tl:(~ standm'rJ devlttU,onio,
r:md the pooled standHrd dev:i.ationf>, '1\:0 GetG of (;tock reD'Gent tl'i;r:mdard
solutionG 'Iwre uBcd, each contain:l.nr; 100 ml.

fl'(1)le 3 includes the result,; obtained ./ncn analyzinc,( NIB Standa.rd
Samples 1016 and 177, using RG standards NBS Standard ':;n.mples 10l1.,
1013, 101h, and 1015, In thiG ease the cements seleetl'!d !:IE> standards
"'ere put into solut:l.on in the Game m'.'l,nner n.s t:,e h'o cements selected
aE> ,mkno\fns, 'rHO sets (100 Illl each) of stock cement Gtandl3.rd ,solutions
"rere used. '1'11e cements used as standards did not COntain cnour;h Ho.c;,O.
fl'herefore 1.200 and O,lj,80 mJ. of 1,000 ppm No. 0 Golut:i,on "verc added to
the solutions containing the samples (If Nl'{-:l 5:013 and 1011j. respectively,
ca.usine these solutions, to eonta:i.n the cCluivalcnts of' 0.60 and O.itO
percent n~o, Individual samples of cements lmS Nos. 1016 and ITr 'I{ere
vreighed out on d:i.fferelt days so each deteJ,'m'inatjon given in Table 3
l'8IJl'ei3ents a separa.te (,ample. Six determinations of eae:, cons·ti tuent
",e1'e ma.de for ea(:11 cement, Also given in '1'a1J1e 3 are the averages,
the liBS cert:i.ficate values, the differences (1m percent ~ certif:tco.te
percent), the standard deviations and the pooled Gtandard deviations
for the t,lO sO,r.tples, for each constituent,
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D:I,scussion 01' Hesults

An examination of the results giyen in 'fable 2 shows that the
average difference between AA results and the certificate value (AA
percent - certificate perce.nt) was -0.15 percent for 8102' -0.17 per
cent for A~OV and -0.13 percent for CaO. The average difference
for all constituents was -0.08 percent.

ConRideration of the restuts given in Table 3 shows that the
average diffel'ence between AA resu.lts and the certificate value (AA
percent - certificate percent) was -0,04 percent for SiO , ~0.15 per
cent for A120v unO. -0.08 percent for CaO. '1'he avera.ge fiUference for
all constituerlts was -0.04 percent.

There '\'las a tendency for a small negative bias between .M results
and the certificctte value ",ith this bias being less when using cement
stt~,1dards than vlwn using reagent standards. The reasons for this are
not clearly understood.

It is of interest to compa!'€! the pl'ecision of the results g1.ven
in Tables 2 and 3 with that of the nest rcsu.l:ts ontained in a pl'e'tious
study, Rei'. (2 )(nound ::::). This will 'be referred to in this paragraph as
Method 1. In-the latter, pooled vithin 1aboratol'y standard dev;'ations
e,re given for two cements. The following conclusion is l)e.sed on com
parisons of the variances from 'I,hich the standard deviations in ~1.~thod, I
were obtained with the variances on Wl1ich the pooled standa.rd deyi~t~ons

in the present Tables 2 and 3 were obtained, using the F statistic (l:.2.).
Use of the meth00 deccribed in this study gave precision better than or
equivalent to Method I for all constituents detl~rmined except CeO.
Method I is tlJ'Ct metllOd vrhich has been ado:pted as an optional method by
the Subcomrnittee on Materials of AASHO.

The AA results reported for A~O in NBS 1016 indi~ated an
appreciable negative bias from the cettificate value of 4.97 percent.
The reason 1'Oi' this is not clea.r. Addi ti,on of La so that standard and
sample solutions contained 1 percent La" helped very little. Addition
or 2,000 ppm Cs or 1,000 ppm K did not improve the situation. Evidently
the presence of about 350 ppm of Ca eliminates ionization effec:G6 so
that addition of Cs or K serves no useful function.

It was noted that NBS 1016 has the lOVlest MgO and highest Ti02
content of any of the NBS Standard cements. Standard Mg solution and
standard Ti solution were added to separate san~les of NBS 1016. ND
appreciable effect on Al results was noted. Unfortunately, neither
:Roos and Price (11), nor 'l'enoutasse and DeDonder (14), published
results for NBS 1016, ':mly results for 1013, 1014 and 1015.

A deuterium arc compensation s;ystem has been described (gQ) and
is conmercially available. It is said to correct for background
absorption wher(') the method of standa.rd addition, which was also tried
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,tn this study} does not compensate COl:lpletely f'or this tYJe'C of
'interference. It is possible that use of' such an attachment w,ould be
beneficial for the determinatj,on of A120

3
in cement. The instrwlIDnt

usl;!d for this study was not f.lO equippeCl. This possibility ma~r b!~

eX]?lored later.

CONCLUSIONS

In this study, a method was developed for the determine. tlon of
the seven constituents of portland cement by AA anaJ"ysis. Both
1'eI'Pnt obem1cals and NBS, Standard cellenta were used to prepo,re C~\U ..
bra.tion curves with satisfactory results. The stock (concentrated)
standard and sample solutions remained stable at least six months and
ma.V 1"eU&1n 80 indefinitely. Use of a m1xture of Hel, lIFt B)1''':iP and

~
~ decaD.!'Oseu tbe cement and kept the sUica in aolutiIJJJ,. The

canplexed most oftbe excess B:F. All soJ.ut:lons cOt:tf,dn:1ng
,'" ~re, twwever, stored in containers made of some t;y:pe ~'~ plastic.
Fo:t' measurement of such soJ.utions, rigid polyproIlYl.ene VO]"'.Ilk~tr1c

fie.sks and bUrets 'Were used. Spec1alprec8utiOJll~'Were ref.1.U1I'€d when
us1na these flasks am burets.

'I'he time required for nebuliz;ation of III tet3t solut100 to obtain
a proper reading 'tiM a.bout 15 seconds. 'rhe values reported in Tables
5 and 6 ~;ere averages of three such readings. Preparation of stock
standard and sample solutions, aliQ.l1oting, as "ell as the dislMashing
al~sociated with the entire procedure require careful organization of
the work. 'rhe dislnvashing and preparation of most of the solutions
could be done by a technician. In this st.ud;y, the main emphasis ",as
on the a~curacy and precision of results. Use of this AA method can
do Tlnlch to speed up '':hc analysis of POrtland cement. "/hen large
mUlIbers of samples of cement need to be analyzed use of this method
should reduce the costs of testing. 'l'here arc automatic aliquoting
lll8(ch:lnes on the market ,.hieh should prove useful in such situations.
\-lith such a.liquoting machines and propel' organization of the work it
s!:l<:uld be possible to a.nalyze portland cement for eul the seVC£l
cOlli.ltituents in approximately three houn,.

'.rhe procedure which was described in this report, gave re~u.lts

for r"':',l constituents, except CaO, i-lhich were either better thl:l.n or
eq[ur.:::. to the resu.l ts obta.ined :in two s tudieb preViously reported (g).
Ac:cOJ'ding to the AA procedure which gave the bost results in that
repol't and has been a.ccepted by the Subconnlli ttee on Materials of
AJISHO, 8i02 must be determined on n separate sample. In the proGedure
developed in this study, 8i02 can be determined from the sn..me "tock
solutions which contain the other constitucnt,s. This fact should
reduce further the time reqUired for fill analysis of eement.



APPENDIX A
Method of Anal~"8is of Cement by

Atomic Absorption S:rxzctrophotOO'etry

Scope

This method describes the determination of silicon dioxide,
aluminum ox:tde, ferric oXide, calcium oXide, magoes,ium oxide, sodium
oxide, and potasllium o1l:ide in portlanrl cement by atomic absorption
spectrophotometr;y. For cal1:brat10n purposes either solutions prepar(~d

from reagent cnemicaJ..s or solutions prepared fran N.8S standa.rd cements
are utilized.

Apparatus

A Pel:kin-Elmer Model 303 Atood.c Absorption Spectl"OTJhotometer
equipped with a P-E MOdel DCRl Dtgital Concentration ~1eadout. A
three-slet air-acetylene burner head, a 52 mm short Pf!th a11'
acetylene burner head, and a. Techtron nitrOUB oxide burner head,
If other equivalent instiruments are used, these directions may need
to be modified in accordance with the directions provided by the
manufacturer of the 1n(Jtrument being used. other equlpnent includes
a. 500 VA constav.t voltage transformer, a vent f'or removing the :f'umes
from the burner, a SUPluy of clean, dry, oil-free ccmpressed air at
60 psi, and cylinders of acetylene and nitrous oXide.

Nomenclature :for Solutions Used

1. When a definitH.\ 'Weigbt of a solid reagent chemical has been
put into 8, fixed volume of solution, the latter is referred to as a
prima~ reagent stalldat'c.~" For example, a 2,000 ppn MgO solution.

2. When a definite volume, for example lOO-ml, of a concentrated
solution, representing So definite weight of ce~nt is prepared, this
will be referred to as a stock solut.ion. The solutions to be measured
by AA are dilutions of stock solutions. The stock solution 1IlfJ,Y' be
prepared from primary reagent standards, in which case it 'Will be
referred to as a stock re~nt standard solution. It may be prepared
fran an N.OO standard cement, in which case it will be referred to as
a stock cement standard solution. Or, it may be prepared from a
sample ot cement to be analyzed, in 'Which case it ~ll be referred
to as a stock sample solut:i~.

3. Arter stock solutions have been diluted according to the flow
cbart shown in Figure 1, they will be re·ferred to as calibration reagent
solutions, calibration cement solutions, or test sample solutions.
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r'·_·...,.,.-'........,~100 m1 ~

stock sol.n.

1·1) raJ. HCl
20 or 25~llLl aliquot ~I 8~ml u.liquot

~ \'l
I:~o~; I rN~Si~ L!.2.l-!~,~

8 ml HGl
10 ml ~: 1 glycerol
4-ml aliq.uot
5 ml o.oli La

\

~J
Figure 1, Analytical flow cha.rt fIJI' preparing cHlibration and

test sample solution.~, from stock ~oluti())l'.

Multiples of 100 m1 of stock solutions ~~y) of course)
be prepared for stock reagent or stock cement sUtndards.
100 Illl is f),dequate for stock sample solution.s.

By U8:~'\g two 25-ml. a.U.quota tu.'lC< one 20-ml &l1quot at
this :point, tl:u:ee sets of calii>:mtion reagent 0,1'

calibration cement solution.s can be prepared from
100 ml of stock f>olut:'.on, U dry pipets are used.
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4. Solutions of bod~ ecid, le.nthan"un, and glycerol are :referr~d

to as special solut~.

Primary Reagent Standards

~9~ ~olutiont approximatel;\': 2/.000l?I!!!.: Dry silicon dioxide,
(99.9~)((nay be obt.ained· from SPEX. Inius tries, Inc., Met1.tchen, N. .T.)
a't 150-170 lQ. Weigh by difference and transfer about 2.1 g of this
Si~ into e. l-li'ter wide mouth, Bcr'ew cap, polypropylene bottle. Ad.11
40.8 ml of 49% }iF using apoly:prop;ylene graduated cylinder. Screw
the cap tightly on the bottle. 8"",11'1 the cont-ents of the bottle
several tiIoos, place it gently on its sid.e and roll it so that aL'l'QClat
.ill the iMide surface of the bt'.>ttl~ is wet. Do not shake the bot'l.ae.
Allov it to stand upright overnight. Then un.screw the cap a.nd add
525 ml of filtered 5~ boric acid solut:ton. I.e;; it stand 1 hour with
occasione..l sw:trling. Transfer to a l-literpo~ropylene volUlll&tric
flask by pouring'~hrough a polypropylene funnel. Wash the bottle and
fwm.el thoroughly, adding t}v~ washings to the flask. After cooling
to room temper~\tuxe, dilute the solution to the HJ1J.rk and mix thoroughly.
As an example, i:l;' a portion of S:t~ weighing 2,0629 g is tr~ated as
described, it will give a e,olution containing 2,062.9 Ppll Si02 . Store
the solution i.n a l-liter polyeth,ylene bottle.

AJ.~'" ?ollillonJ 4,00Q..l?~: Weigh eXilctly 2.1191 g o:f aluminum wire,
(if 99"'~f1/JAJ.-r; transfer to aoOO·m1 beaker, treat with 200 ml of water,
21.2 ml of HC1(sp KI' 1.19) and 4 drops of sa.turated HgC12' Cover tb.e
beaker wUh e, watch glaHs, heat about an hour and allo., 'to stand over
night, Heat on a hot plate again until all action is Jzompleted.
Cool, filter into a l·liter volumetric flask and wash the beaker and
fU l;er tho:tough!y. A small drop of Hg will remain on the fil tel'. Use
of HgC~ speeds up solution of the Al in Hel. After the solution has
cooled,'d.i1ute to thte mark, mix tboroughlJ', and store in a l-liter
polyethylene bottle.

!,.e2g3 6olut.!o~'l, 4,000 ppm: Weigh exactly 2.8032 g of iron wire
(if 99.~ Fe). Tx'eat in a beaker '\dth WElter and 22.2 ml d: HNO
(sp gr 1.42). Cover the beaker 'with a we,tch gla.ss a.nd heat UIlt~l o.l1
the iron has ,Us:!lolved. Cool, filter into a. l-liter voluIltetr'ic flask
and wash the ','e(j,ker and fil tel' thoroughly. Dilute to the me.rk lind
transfer to a I-liter polyethylene bottle.

CaO solut;ion, 16 t 000 PF: Weigh exactly 57. 5734g of low eJ.ke.1i
calcium carbonate, (if 99.rCaCO ), and traDE'i"er to a 3·1itfJr beaker.
Treat wit;h tibol1t 600 ml of watel~ dnd 98 ml of h,;l. Stir the contents
of the beaker carefully \mtil all reaction appears to cease. Cool.
the solution, and filter into a 2~lit(lr volumetric flask. Wash th(~

beaker and filter thorougl't.ly. Dilute the solution to the mark, mix
and transfer to a 2-1iter polyethylene bottle.
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~ solution 2,000 PPl~: Weigh exe,ctly 1.2086 g of magnesium
powder99.S'%)(mey be obts.lned from AHa, InorganlM, Beverly, Mass.)
and tranof'er to & 6O<.>-uU. 'beaker. Treat w1.tb 150 ml o:f 'Water aDd then
9.9 ml. of HCl. When action has f.lubs1dl~d, cool the 1301ution and
fUter :i!.nto a I-liter volumetric flask.. Wash the beaker and filter
tborougbly. Dilute the solution to the mark and tran.~fer to &. 1 "liter
polyethylene bottle.

!a20 ~olut10n 1,000 J2l!!.: Weigh exactly 1.8897 g of sodium chloride
(assuming iOO%J'Wh1cb han 1Deen dried overnight at l05°C, dissolve in
water, quantitatively transfer to e. I"liter volumetric nask, and dill.l:l;e
to the mark. Transfer the solution to 8, I-liter polyethylene bottle.
To prepare an "6.;>0 solution, 100 pprn., aU~te this 1,000 ppm N~O

solution 1:10 \for exantple, dilute 100 ml of 1000 ppu ~o solution
to 1 l:1ter).

1590 solution l,000....ID!!.: Weigh exactly 1.5861 g of potassium
ch1()rTIIe {a.ssuming l66j,) 'which has been dried overnight at l05"C,
disl,01ve :In water, qUMtit,,\t1ve1y transfer to a I-liter irolumetric
t;'1aI3k, and dilute to the mark. Transfer. the solution tc a l-liter
pol;rethylene bottle. To prepare a 1<20 ~~, 100 ppm, dilute t,his
1,000 ppm solution 1:10 (for example} dilute 100 ml of 1,000 ppm
~O solution to 1 11ter) •

6PE!cial Solut1on..~

Boric Acid, 5i solution: Treat 100 g of boric a,cid crystal, in. a
2~J.:f,ter bee.k-er-with about 1,600 ml of water. Heat the mixture aid stir
until all ~s in solution. AI]"", to cool s~newbat and transfer
qUall'i;1taUvely into a 2-liter volumetric flask using a :f\U1nel. DHute
almO&t to t1:u'1. mark 9 cool to room temperature} dilute to the mark, mix
a.nd t:<.'ansfer to a. 2-l1ter polyethylene bottle.

Lanth~tlE!, O.Ol~ La solution: Weigh exactly O·1l73g of ~03
(ass'Jming 99.m), pla.ce in a 150-ml beaker and treat with 2 m.ro!'
],:1, Hel. Cover the beaker 'With a watch glass and h.ea.t cautioul31y
until a.lmost everything appears to be in solution. Wash the b,~a.ke:r

atld wa.tch glass with water until thevolwne is about. 25 niL Heat
the solution f\n:/tber for about B minute, then allow to cool. Filter
into a l-lit.('j:l: volumetric flask and wash the beaker and f:Uter
thoroughl). Cool the solution, dilutce to the mark, mix and transfer
to a '·>liter polyethylene bottle. Use of this dilute solution of
INithanum in conjW1ction With glycerol is recOl11Illended by R£'dns (~
for releasing the alkalinE! earth metals in the presence of' alu![linurn
(removing the aluminwn int.erference). When the higher concentrations
of lanthanum alone, usually recommended for th:l..s purpose, are used,
burner clogging is likely to occur.
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gJ.;ycer~l solution, 1:1. Mix reagent grade glycerol wi.th an
equal 'V'olume of water.

Preparation of Stock Reagent Standard Solutions

The relative compositions of 4 synthetic portland cements are
given in Table 4. The compositions of these cements are to be
produced by using appropriate amounts of the primary reagent
standards whose preparation has been described above.

The number of ml of each reagent standard to be used to produce
100 rnl of each cf the 4 standa.rds are given in Table 5;. 0'b'V'1ously,
multiples of' 100 rnl of' the standards may be prepared, if desired.
It will be noted that Hel, HN03, and H3B01 are added to each standard
stock solution in appropriate amouu~ts so that the concentrations With
respect to these acids will be the same as in the smnple solutions.

If it is desired to include the determination of srO, ~03
and Ti~ in t.he analyses, SUitable .,rolumes of reagent standarCl.s of
these constituf;lpts should be added to the volumes of reagent standards
given in 'Table 5, taking care that a. total volume of ~OO m1 not be
exceeded. If such an eventt~ity d06S appear likely, some of the
reagent concentrations would have to be increased above those in
Table 5, so that the total volume can be kept below 100 ml. Prepare
all the stock. reagent standard solutions in polyethylene volumetric
flasks and either store them that way or transfer to bottles made of
the same material. Use 8. plastic buret to measure the Si~ solutions.
Glass burets or pipets may be used to measure the other primary re~

agent standard solut:l.ons.

Prepara.tion of Stock Cement Standard Solut:'.ons

Select at least four NBS standard cem~nts that will cover the
range of the elements to be determined in the soonples to be analyzeC'.
1feigh a 0.3000 g sample of each standard portland cement to within
0.1 ml, and transfer to a. 250-m.1. Teflon beaker. Treat wi1ih 10 m1 of
water ~nd 13.25 ml of Hel and stir with a Teflon coated stirring rod
until the cement is decanposed. Then, in a hood, add 1.50 rol of 49%
HI" by means of a l0-ml pla.stic buret. Stir the solution and then let
stand with occasionaJ. stirring fer about 15 minutes. Add 40 ml of
5~ H B03 and 1.0 ml of HNO. Stir the semple occasionally for
anotrler'15 minutes, and t~n transfer tr~ough a plastic funnel to a
lCX')..m! plastic volumetric flask. Cool the contents of the tlo$k
and dilute to the mark. The contents of this fl~sk are here referred
to as a stock cement standard solution.
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If the values for a given element (exp;:esaed as the C\X~'l) in
the NBS standard cements, do n",t extend OVF!l:' a. sufficient r6IJge for
the purpose of the sWlilJles to be analyzed, \'erore dilution e.dd
sufficient primary reagent stundard ao111tion of the element in
questi,m 'to one or tva of the stock cement standard solutions t.o bring
the 't.otal content of the element to, the desirel vnlue(s). For example,
addition of 1.200 and 0.480 ml of 1,000 ppm N~O solution. to the
solutions containing the stock cement standards for NBS 101:3 and 1014
l'cspectively, 1n 100 ml of solution, will :::aUSe these solutions to
contain the equivalents of 0.60 and o.,,~n nercent Ns20.

Preparation of Stock Sample Solutions

Prepare stock sample solutions in exaetly th~ same manner as
d~scribe~ i~ ~ha ~~ceding paragraph for the preparation of Stock
C~ent Standard Solutions.

Dilution of Stock Solutions

After the stock reagent or c~ment standal~ solutions and stock
sample soluti..>ns have been prepared, dilutions o.r> each :l:'cfr AA measure"
ment should 'De made according to the analytical ,:t".I.(n cha,\;'t shown ill
Figure 1. TW.s provides concentrations of the elenl,,'nts '\orithin the
working ranges reconmended as being linear 'by the lllP..l:tU'ac i;urer of the
instrument. The absorption measurements should be, JIl8(.'a as soon as
possible after the eJ.iquoting procedure. After using f:. glass pipet
with any solution containing HF plus H3BO~, the pipet s!.\?u1d be rinsed
irmnediately with tap water to llLi.nimiz.e the time of conta<. t 'I?et'!'!een
the glass and the solution. Allowing t:.e dUUt.~d soluti01;) to staud
overnight, does not appear to c:<>,~e any detectable ar'ror. I.n the
aliquots used for ca.lcium and magnesium, some changes in cQ,'centration
may occur in two to three days. All the other diluted nolut\ons should
be stable for several days. The stock solutions appear to ;re w,in
sU\ble indefinitely, if kept tightly stoppered.

The solutions which have been ailuted according to Figur\'~ .\J ·,jay
be identified as calibration reagent solutions~. calibration Cf~me:lt

solutions, or test sample solutions, depending on the concentrate,'
stock solution from which they were ~erivcd.

Instrumental Par~fiet~rs

The instrumental parametnrs to be used in making the AA measure
ments are given in Table 6.

1:'.:;;:' the constituents other than calcium, the optimum burner
height 1s gene,n>.l:;,- :".,,'-''''[: ~, mm helow the point at 'Thich th~ burner
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bloeD out th. n.41..tion. Por CaJ.01W11, the hdf,ht tor. -.xi...b.orp..
tion 1. generally ~'bwt 10 111m i:le1ow tM.. :polnt. ?:~ mU'n.r M:1.~7.t

letting 1. mu~h lDOX'ft orttical tot' oalctum than to"t' the other tl.-nt,.

11M pr<>c~4\U'e. X'ecomuendfld by the! tiIWlt..otu~'~r ot the inlt:rum~nt

.haull1 be followed in regard to UMe ot the ~,n.et~~'nt. All 'olut11)n,
to bf) nebUlUleO .hould tiret be pour~ into 50..mJ. :,pol:rethylen~ bee.'&erlJ.
In ..tting the tero r"Jad1ng ot the iMtrument, c11f!1"~iUed. water "bclUld
b. n.bul:l1..d ~ the "b.ol'banol'! ut to r ..,(1 l\~mnJ,:L pNI it1v~ nU/Zit;'el' 1
g.nerally 0.002 ab,ol'b&nceo

'No preliminary t~!!t .olution. '>It the I!~,,'lbent to be ~Mured

."-auld hf; \Wed. on. ,olution IJhauld contain ~ cor..oezrl;l'at:1tm ot the
element about midway in to.. recOtllMM~d 1..trlear concentr",tion I'ang,).
Thi••olution ~,s \lied wMn ae1JUlting 'the ';;'Jl'ner pottitiotl M well
M the aceWlelile and oxidMt flow l'f.te8. ');be other test solution
IJhould contain a lowel' concentration ot the elell1l'lnt, and is \,IJed
to determine t't\O 8enUt1vity. From the absorbance :!;'~ad1ng obtf\1ned
for thia dilute lolut,1on a.oo the ;pu-ts 'Per million of the elellleot,
pre.ent (not as t.he oxide) 1 the sen81tivity eM be c!llcula'~d by the
formula;

S(IInUt1vity (tor 1 ~rcent ab8orption) .. O.OO44J"~ ot!lement

'WM1."e 0.0044 .. ab80:rbMC~ equ1Valent to 1 pe~'cent :~·ce~cn·. A
detend:aat:1,or,1. of the uns1tivity betore each n:Ji,1 S1ve,~ an indication
of thb cond:t:tion of the hollow c'lthck1.e lamp l..e 'Well aB the gener!\l
condition at operatiori or. the in6tX'l.unent.

PnOt' to taking the :f'ire't .....~U~ on the t1rl;lt, standard m:'
sample lolutiun, d1et1lled we.t(U' IiJh,ou.ld be nebul1zed end the DCJU
:r(!MJutted :it neceua%')',1 to rett.d a'bout 0.0<X2 ab6orbMce. Then
repeated readirls. on tM :first st6mdard (or umple) aX'e taken until.
con8istent reeults are ob~a:1ned. l'or all tbft elements J except,
cs.lcium, absorbance I't'Hvlings !\l:'E! taken of the four stnnrlB.rds, end.
then the sa.mples, in succession. 'llhie procedul"~ is clu'ried out
three 'tim.cD, The nvett.,g!as ot ·thl~ tlU:ee absorbance rel:ldinge obtained.
for each are then caJ.cull:'.ted, The value for d:t'-'tiHed water ia
not suol'rtracted. For the standardt'J, pointe are plotted Ot) grt\ph paper
with o.bsorblul.ce on th~ o!'dinnte versua 1"1:\J:'cerrt,ae;e (expregsed as the
OXide percent) on t~ abscil.'lStl.. The V'a:LU(l for percentage :ls that
give::-, :1n Table 4 tor ee.ch oonstitttent in eo reagent .tG.u4ard .olution. A
carve (generally &J.l'lIost ~1 straight lino) is drawn thi'ough the :po~,nt9.
The percentase of' th~ element in I'!o,ch sMlple js then reM from the
respetetive ca11braUon C\\rve. If' ce~nt standardsolut1ons are beins
used, the value tor percentage ot: each constituent in, of course, the
NBS certificate value.
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'or calc1wu, a bt't\oketitl6 tfJchnlq\1(t 1,' u-e4. r1r.t~ .1nI-L~'
ab.o1"bMce reMingll ot .tandard, aM 'lUIIple. are taken. 1'111,1 .~Iv••
an 1n4ioation ot 'tht' l'Glat1ve Corloentrat1ona Qt c....c1\l11l pre••nt~,
Tben too 8arr OOJlfCl'M'P.ATIO! ,U."\8 are a43uste4 to read 9700 an4 ~ihe

MODE 1. Illet to OO"~TtOK. Thi8 give. a Icale exp&M1on at ~l to
6. Then 1;110 .tN1&u'd 801u!d,CM are "bo.en whicb MVt ,i'ven toM
net:rre.t ab.ol'bance readings ,4OWe1' .00 b1aber tlw~ the '*u!ple.
Concentration r,a411\88 are then ~n .equentl6l1y in the ord.1',
low 8taMard~ lIample,. and ldgb ~tN\48rd, untU three vaJ,ue. baVl!l' 1>6on
obtained tor each .olut1on. The averAC" ot each ot the three \I'a1UO'
are calculated arid th(.,.~ f/or the two ,,~ard. are plotted apirl.t
the percentage. ot C.O kt'10W'n to be prli.ent from '!'able.... A .tr~lsbt
l1.ne 11 dl'aW through tb! two pointe and the percentl'Jge ot ceo :liB the
umple detAX'lIlinel\ trom ~th. Hoe. Thi. prOCedUl"fl 1. l"Iltp4u\ted to,r the
detet'Dl1Mt1on ot Ce.O in each sMiple ot c~nt which b being Mf.L)"'Zied.

Whenever eeltlent, e.tnnl.',ard .olutiont f\re 'being tWelS, If:J:lB cer~:,:11'1cate

valW!lf tor CaO (correb~i1 tor 81(0) .hou1d be \Ulet't.



APPENDIX n

Notes on the Use of Plastic Vol'W!'letr1c Equ1~nt

tn the use of plMtic volumet:rit t\pptU'ntua, tlome unexpected.
probl.oma were encountered.

1.. w'hen ueing volumetric flasks ther~ WM difficUlty \ilith
stoppering. The i'lBBkn, n.a purchased, crone equipped with, snap-on
polyethylene caps. Ther.e, when new, stoppered the fla.akS t:i.ghtly.
After b 'Jlng used '" few times, the G~6pa cracked Bnd then let~k(!d.

Extra SM1H.>n capt' to fit th~se :t'lasks Se~m not to be Hated in
t.hp. ~RtAlop;fl. An :lnrjuiry to -t.hA!Ml1uflJ,cturA!.' "bent the purc'hMe of
replacement snap-on CBpS was met with eo shipment of eo dozen free
new flasks cOO1pl.ete "'ith snap-on Cfl.p8, bl\t no q,uo'ta"(j1<'>n on replM:e
ment ()tii<pti,. H{Jl1ow atl\nd~rd taper f\tQ1~'pen'~ mac1e of lJOlywthylene are
lJold lJy th~ lr:r.lufaf'tl,U'er of the f1c~:)ka. HOI:! of thene ~',l£lOp:r¢GCl:l't;ell

problema. When usdd with 50~1n1 volumetr:t.c flasks, th(\lH~ h<)llow
stuppl):t's entrapped solution lntjidl'l the en:pt!. Thj,B entrapped l:iquid
\If.\$ e:x:tl'cmely d1,ft'i(~ult to dislodge 'When €l.tt~mpting to mix the t\oh1tion.
With 100-m1 (\wl lRl'gcr f1Q5kJ~, lmtrapmen-l" WtlC, not so cr1t.:l()n1~but

still oomel~h:1tlg Of 1.\ problem.

It Wf\S round thllt the Kimble (llMa Company ma-kes GQlid
polyethylene stlUldard taper stoppers that c!\.n be used w1th polypropylene
volumetrlo f'ltlJJks. Such stoppers were purchaoed in the sizes for 50-,
100.. , 500-, and 1000-'1\1 volumetric fla,skf'J. When the Solid No. 9 Kimble
$ toppers worc used 'd.1.;h 50-ml polypropylene volumetric f1n!3,k$, an
lenknge and entrapment problell'i$ dioa.ppea,I'ed. When the No. 13 KimlJle
(;toppers worc uoed with leO-Illl fla.oY..r;, there WM lenknge from most of
'the flanks. The Nt\l~ene J)()ly,~thylene hollow stancla.rdtApcr ntu:ppeJ'o
cc,uld be used with the 100"n'Ll flasks w:l,th almost no let'\ktlge, a.nd if
G~l,re *'0 tal'\ento tap the n~ck 01: the stoppered flask ego.inst the edge
of the bench.. entrapPL~d 1:i(l\! id could be d1s lodged. '1'he only way
found to keep ()fie lOO-ml fla.sk :from leak.ing wus to stopper H with B

snap-on cap or a s1.'l.e (X) rubber .stopp.'lr. Fen" 5CX)-Il'~ flask.'), the
Nalgene hollow standard t,aper stoppe:I"s seemed to fit best. For
J..OOQ-rnl flasks, the Kimble solie1 polyethylene stoppers seemed to
",,,;..,,. 'Ie the 1,cfJ't; c:lorJure. ApparentlY J the user of Gu()h flasks must

'm:l.nr: for hi-moelf the bes't stopper-flask combination to USe.

2. J:t is dif1'icult to avoid leaving nil' bubbles at the flask
liquid interfnce when using poly:pr(~)pylene volumetric flo.f3ks. 'l'he
forme.tion of bubbleJ (jan be minim:i.z,ed by eleaning with a good, warm
detergent solution followed by d,l'ldng. 'I'hen, Just before nd,ju.nting
the l.evel of the solution to thf't mark, if one tips the stoppered fle.sk,
tile air space above the liquid can be .rolled Hr()und the body of the
flask to scavenge small bUbbles adhering to 'the inside.
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3. Some drops of 'l;he 001ut10n tU'Wt\j"A I'leem to adhere to the
inaiue of the neck of the flask ubove the mark. No way wan found
in 1.;hit:l B tudyto !\void this source of error, except, pl~rhaps, to
hope thAt it 'Would be compensated to SOllie extent, by nil' bubbl~&

nt the :t'lMk-11qu1n interface. This iQ, adm:t ttedly, e. BOUrce of
u1'lcerta.:tnty when uaing polypropylene volUJl\etrio flasks.

4. When U61n8 polypropylene 'burets, the SW11e problemu persist
of having air bubblea nt the buret~l.iquid inte1.'fnce nnd of having
dtope of liquid adhering to the inside of' thebu:n~t nbove the point
not which the buret rel\ding is tn.kell. The p:t'oblem of bubbles CM be
",lmost eliminated by uae of hlo techniques. The buret stnnd holdine;
tho buret can 1m bounced ('\f!;ninot thl'! top of t.h~ 1,,1) bench to c"use
the bubbles to flout upwnrd to the Burfnce. In o.ddition, n clean
pl!\stic rud, a.bout the length of the buret" eM be moved up ftXld down
iM:lde the buret to help diolodge 'bUbbles bef'orc letting the solution
down to the :I',ero or ini-Hal point, After the reqttired volume hM been
allowed to run out of thot' hu1'o't, it <10013 not seem ndviflnble to us,e the
bouncing or rod techniques, To do no mlght ca.U£le 11\01'0 erroI' than is
eliminated. SOll1e 1IDcerta.inity :Lrj certalnly Mso(~ia·t;.ed with using
polypropylene burets.

5. When filling a. polypropylene buret it is difficult to remove
9. large nil' bubble in the buret tip because of the way thcb\tl'et is
constructed. Th.is n:l.1' bubble can be \'\Voided. by plac:i.ng the empty
buret tip, with the stopcock open, in a beaker containing aOllie of
the solution; and applying suction from the buret t,op with a rUbber
tUbe which ig attached to 1\ wa.ter nspirator. After several m1l11
litera of solution have been drawn up into the bure't tl.U'~l the tip,
·the suction is removed, the bure'!; lifted. out of the beaker) rmd the
S'OOlJcock cl~HJed. Then the buret can be filled from i,he top in the
UEIual ma.nnel' •

6. Use of polypropyle:le p'ipets for a.liquoting purpQses,
n.pp,~a.rs to be in.T[H·o,ctical. Few siz.es of such pipets are e:vaile.ble.
Bec;!\.f.at'! of dninage and bUbble-to1'lI'atlon problelllS encounte1"ed in
cOlUptln:.\im plastic wa.re, there was no attentpt 1J:l this study to USe
eVen· sizes which are nvailab~e. Instead, regular glass transfer
pipt;i;". were ullcd to prc'pare dilute solutions in this study. To
mtnimize 'waste of solutions, 010(:u')" dry pipets were usod unlons
repeated nliquots of the name solution were to be taken. After a
pipet was cleaned and rinsed with distilled wnter, it was dried by
using suction to draw air through it \U'!til visuaJ. inspect:l.on
indicated it was dry. The problem of emptying the :pipets was
COJi.s:ld'3red. Glass tra.nsfer pipets are cal:tbrated ordinarily to
d~live:r. a specified volume while in conta.ct: with 0. glasG surface,
not with a polypropylene surfaea. Some experiments were conducted
to see if. this presented. any problem. Pipets of 1; J+, and 8~m1

co.pacit;! were caJ.ibrated using distilled f{ater and amp·tying (0.)
agains t the neck of a polypropylene flask, and (b) aga1,nst a glass
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a't.irring rOd which had been ..,e1ghed 'dth the e~ty tla.k 'With which
1.t vas used. A IUlXlIlIarY of tX':l.pl1e~t(, :res\1lto il\d1cated that. an
average of O.Ol12g lIIOre 'Water WM deUvered by .1 1~m1 pipet, 0.00358
lllOl'e was delivered by a 4..Jn1 pipet, and O.OOO6g more 'WalS deUvered
by ~U1 8..m.l pipet when WvIJhing the 1lU,,:,:,oo a. cOmp&l'ed to touching
the polypropylene n!\Sk. Th~ (~tMdard deviations in S, USing tech..
niq:ues (a) and (b) were 0.0079 fUld 0.0032, for a l-ml, p:ll)et, 0.~3
anell 0.0035 for & 4-ml pipet ann 0.()(Y,':i!3 and 0.0029 tOi~ an 8-Ull pipet.

Thi. tllviJ4'loo. 10 not. oycrwholndne;, 'Imt it 'W.a dl'lcided to
~fj~)ty pipcta aga~.nst t1 glass rod for the worl~ '\(h:loh in reported
lwre. When taking an aHquot of B solution, after the pipet WM
l'elOOved from contaot 'With the rod, the latter 'WM toon riMed with
d:latil1ed wo.t,el' irtl;o tM flank with which it had been used. Rinsing
'Waa not done during the experiments on ca11brnting th~ ~1pets. In·
'thnt case, the rod was dro):>ped irJ.to the flMk which 'IoIt:\sthen 6toppeI'ed
end welghed.
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