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standard Reference Material lggz
Thln GtasS Film on potycarbonate for
X-Ray Fluorescence Spectrometry

Ïtis st¡¡dard Rcfeænæ 
\rrænrl (sn M) ir intcuded for uæ iu thc ¡tc¡ldr¡dizrtiou of x-ny ¡u*wçË*o*cû.It nev be ¡¡¡cfut in oa¡ticr¡lar dpliüiåó l¡cb ¡s rhc creo*t,r "-i;¡, "f 

,",i;itilrlno *u*o¿ oa otrr æ¿¡r,
'ud in applietiou¡'whcrc *:.i'doãåcr crlibrarion n¡nc¡onc ú? derer'í¡Êd r¡¡ing tb,o fiIu ænd¡¡d¡.sRM ¡832 cousi¡tr of ¡ ¡itic¡'b¡¡cd glar ñlm ,PJ-hl' bego deporircd oaþ s poþcrrùourtc fittcr. Tbc gh$ f¡ln is rä:HffJ,å?.',::ffiir,ff1r_**ff*kr¡"-"*iffi;:*, ''"
*itrfirffiff.iî"irlifil#.ärï* on EÊúr¡r.uçnrs rrde uring rarior,, onal¡nbrr rccün¡quã (¡cc

usc; Ttæ Ellls f¡t' i¡ dcpo¡itcd on thc uomhiny or rts¡od side of rbc 6ltcr aou¡tod í¡ u rtunÍ¡su n.t¡¡do, ùePmpcr u¡s of rhis sRM rcq"¡to tt", tl. ..*r.ø or nonrhiny side hoc the x-ny c¡cit¡qo¡ ror¡¡Ec.
Thc ce¡tific¡tio¡ of thi¡ SRM is valid rwo ¡rean from d¡te of prrcbrce.

Ili.t"Yflål1*'H-:-*".f:::if:i:*{jll.rcd.ecntu$. oî to-zltec. NBS wür coutiuuc þ uroniræ ¡hr¡sRMandirrtorescrcquæmãnt,"üiæî¿iä:lirä;i-räff 
"ffii;;iä#"i,'Jlî"åitrffi"i.. . fyotics qnd.Cautio¡ to Uscr

j

i'lì'

Exposurc of ùcse firur to x-.di¡tioa froa 
-hi¡ù4orcrud ¡.¡ry tub. (c.g:, ãÞù3e0 *rn¡) cür*r ær.rc nncnbrittlcocnt aid'ùvcu¡*t ¿.r,*"r¡"i' e.,en ¡ncî .ipd; ;;fu r¡ o¡c-h"r ho,rr. io i¡ærsc filo tifciuc, u¡crhould bç liE¡tÊd tô cat¡uri¡¡o;;a;rd']'thin-fri¡ir *""¿*ãï.pr", r* ãuuiäirr.. un.",rn oca. rhoutd bcpcrfonued cruploying the lowest p"rct¡out io"y otc po¡,rr;Jr cxcit¡tion.

Because the cpoxy rn¡teri¡l uscd in mounring rbe filær to rhc ¡etainin¡ iy::!: rurceptible to ¡adhtion dr¡r¡e, ttcx-r.y soureÊ radiation should bc coltimr¡èd oi tne nlm ¡tro"uËätø toshicrd tbccpoxyñou radi¡tioa. Rr¿huondamage to the cpoxy ¡¡¡ry rüow the f¡¡ter to sepafr¡re from tbe rtteinng ring
Thc ovcrall direction rnd coordin¡rion of thc tcchnic¡t mc¡¡u¡raanu rcading to ærtifrcrtio¡ rrrc ¡¡der tbc di¡diou of 

.P'A- pell¡ of thc NBS Ga¡ ¡nc psn¡cr¡ü* sa*". Divi¡ion. ---rrt{trr¡Etrooen¡ncrgol
Tbc tcchnic¿l and support atPccrs i¡volrrcd in thc ccrtification ¡nd irsurncÊ of thi¡ sa¡de¡d Rcfcrtoco Mrtcrirlwc¡ccoordin¡ted rhrough rhe Offrce of Sq¡Or¡j Rsfcrcncc fnf"tr"iA, Uy w.F. Reed.

__ Stenlcy D. R¡sbcrry, Chief
Office of St¡nda¡d Ref€rcuo€ Materi¿b

Gaithcr¡burg MD æt9g
May ld 1964

(ovcr)



Supplemcntrl tnform¡tion

Prrpararion

;ltåiåtffitt* by focwcd ion bcam sputrcring from r gass rarga oaro poíycrrùoneæ tirrøs (47 nn dirn*e?,
The glas¡ tsrg'ts for producing tbc rùia films wcrc f¡bric¡rcd by D. Blctbrq and D. K¡uffiurn of rhc NBSGh¡rnû.opticel Matcri¡b Gräup' Thc f¡¡ru *o, int.iot.¡ .rCoãroílän sr¡ootiftccorponrion, Arexendri+ v¡., undc,the supcrvision of p.A. pcrh of thc NBlc; & particr¡r¡rc ss¡cacÊ Divbion þn' Aler¡ndrl+ v¡.' ur 

s

Thc araúimctric measurcrncns of ¡t¡e filo rvcir{rrs ¿nd tbe nor¡nti¡g of tbc filn¡ ota aluuinum riop wurc pcrformcd byA' Marlow aod K' G¡rlow; thc mic¡otroaogçnäry¿rsnr,¡t*i¡ã*îitbcch¡acntrlconpocitiou 
oftbc¡c filu¡¡wrrcurdcbv D. Ncwbury (using ctccrron probc raicroî;túb Gpü.tÐ ). of rii Cu .o¿ p.n¡crrrú-ld.nce Divi¡iou¡¡d T. Crhitl¡nd coworkers (using proton-induced x-ny núototãc¿ riäiJä.rryl¡t rbc unir¡crrity of califorair rr Drvb.

{-Rrv Linc tnterfcrencæ-

Bcc¡usc of the nrturc of thc sputtcr dcpor¡don proccrs, roæ a¡gonr ¡s rtr[ rs somc iron froa rhe sputte¡i¡t chambcr,8¡c sntrappcd in thesc films' The cob¡l¡ Ko. i'ny linc strou¡¿lÉ co¡æaed for interfc¡r¡roe of thc iro¡ K^ li¡c i¡SRM 1832 F

Becruse of the finite thicknæs of thc st!$. rjln6:1-y tþorption correaions should be nrrde, apcchlty for the toryatomic number etcmcnts At, si' K' cJandJi- rauulitc¿ieiroxiraaæ rbaorption cot¡cctionc sre giwa in Taþle z ro¡çrYc ¡¡:t an cxlmplc of their magnitudc- Thc r¡scr ghou¡¿'uc awrrc, howrvcr, thrt vr¡io's æurcor.EplcdaoctorgeomctrÍcs mev requirc diffcrçut absorption .oor"ao*ããior u.¡í ,tsulc r¡ouùu. daeroincd on ¡hc o,n¡sul.,instrumcnt to bc u¡cd.

r* An¡tyticat Merhog$

-{. ltlomic absorption spcctromctry
.. -b. Dircct rurt.it plasoa cmission tpcctromstry

C. Inducrively coupled plasme cni¡sion spectrãmctry
:D. 

_Isotope dilutioa theno¡l ioni¿¡tioa Eåsr spocrromet4r
E. Neurron activation rnatysis

. Anatysa

Ccater for Analyricrl Ctcrnistry

¡. D.E. Ncwbury
¿ M.S. Epsrein
3. J-R. Moody
4. P.J. Paulscn
5. T.C- Rains

Coopcrering Anslysr¡

I l. J. Rhodes, colusrbi¡ scientific Indusrrics corporation, Aurtin, Texr¡.l¿ R'D' Giauquc' L¡wrcucc Bcrteley låboratory, University of Califoraia, Bcrteley, California
13. J. Coopcr, C.A. Frazicr, NEA trc-, Beaverton, Oregon.
14. R.B. Kellogg, Northrop Scriccr, Inc., Rcscerch Triangtc park, North Garotin¡.
t5. T. cahitl. R- Erdrad, physics-Air euarity Group, univerrity of coliforni¡, D¡vis, cariforoia

RM tt32
Pegc 2 

:

6. T.A. Rush
7. S.P. Sronc
8- R.L 'llt3tteß, Jr.
9. R.L- Zcisler

10. Y.K. Zhrng
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T¡ble I

SRM No.
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lrDonrory r¡¡!s. Tlcyrlcæ &on ceopco¡iu¡hlon¡sic¡ w¡trltn¡gl fc æLdæü. Tb
.r¡¡ult¡w¡çrhrwr¡¡ptçithrbenryÊctivcE¡trþøf¡oEtÞItlS¡CAGt¡Don¡oricrtectfrb

¡bc antili¡d vdr¡:¡.zñe crtio¡tod ¡æ¡inty tlel for ¡¡ clcr¡c¡t L br¡od ca r¡ cvrhrtr¡ dlbc ecati¡¡d cüa¡ cú' Ercthod iayrcridoq pe.dbþ ryucurarh crwr ancl¡ æhod* rld Brtcsbl ilbbiey.
.

lv.lr¡cr b grrrurbocr r¡r sot c¡tif¡c4 but ¡rE l¡wo for ì¡fqzr¡tioo p¡¡ps¡¡ oaly.

NOTE: To eoavert rhe cc¡ified v¡h¡cs trom 7o bypeight ro microgiror pcr squ¡rc catimclcr, r¡c ttc follswing
cxprcsrion: (Ç5bywt)x l0-¡x fitm.*r.(¡¡d/10.06cåz.ftr'cu¡censiil¡áintåfrhwc¡ltardr¡Er¡$surllcornpræd
to thc cstimatcd uacertainty iû úc ccrtificd valuc¡ and erc, tbcrcforc, ûot inçftdcd ¡t¡
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Standard Reference Material 1833

Thin Glass Film on Polycarbonate for

X-Ray Fluorescence Spectrometry

Tbis Sunda¡d Rcfcrcnct Metcrirl (SRM) is intended for u¡cin thestrnd¡¡dizrtiou of r-nyll*ìoo.nccsp..tromactr
Ir may bc uscful in perricular applicntiolu such ¿s rhe elementel enalysis of peniculate m¡tter collodcd on fùtcr dir.
¡nd iá a.pplicatíons'whcre *-rry'ç..ttoneter celibrrtion functio¡u ¡¡e de¡eruined u¡ing thio fÛm sundards

sRM I t3J co¡çisrs of a silic¿-bascd g¡ãs¡ fitm rh¡r hs¡ bcco dcporited onto 8 polycerbonetc filtet- Thc alass llln is r
;;;ïil;;, i.,;y*.ppto*ir"tcly 0.55 ¡¡m rhick which conr¡ins tno*,n conccntrations of the oxidcs of selectcrlcleoents.

The frlm *"irø irlicr is mounrcd on ¡n aluminum ring to meintrin e unifomr and reproduciblc tcomGlrlt.

Tl¡c ccnificd valucs are givcn io T¡blc I rnd are bescd on ûrcseurcmsnts madc'usingvariousanel¡icrl tcchniqucs(æe

scction under analysls ¡nd anal¡hal tcchniqucs).

U¡e Thc glass ti¡n ür dcpositcd on tlæ nonshiny or racr¡scd ¡idc of thc f¡lter mountcd in ¡n rlumiaum ret¡iningriog
proper usã of this SRM rcquircs th¡t the rcæs¡cd or uoashioy sidc face the x-rty cxqit¡tion tol¡rìsa

Thc ccrtifïc¡rion of this SRM is val¡d two yclnt from datc of purchasc.

Storage

Tbis SRM rhould bc storcd i¡ ths co¡t¡iner provided ar a tempeñrturc of 2G25 oC. NBs rrill cominrn to uo¡itor thls

SR M and if sronge reguircmcnrr chanç andT or ærrifrcation bccomc¡ invalid thc purchucn will bc prompdy aotificd-

Noticj'and C¡ution to Uscr

Exposurr of thcsc f¡tms ro x-radiarion from high-powersd x-ray tubcs (aç-, ]!Oû'r000 w¡tt¡) c¡u3cs strvæc ñln
cmbrinlemcnt ¡nd cvcntual dcstructio¡t 

""en 
afrei ,iporuro ¡r ¡hon as onc-h¡lf hour. To incre¡sc Írlm lifetinc' usc

should bc limited to calibB¡ion of ¡ccondary thin-liim stand¡rd samples for routinc use. Ma¡urtmcots sbould bc

pcrformed cmploying thc lowcst practicabk x-ray tubc Power for exciBtion'

Becsusc the epoxy material uscd in mounting rhc F¡ltcr to tbe rctaining ring ir elro srsceptibtc to redirtion dut¡c, the

x-.y sourc€ å¿¡ot¡on shoutd be collim¡rcd oi rhe film should bc masked to ¡hictd thc epoxy from r¡di¡tion. R'adhtio¡

Aamagc to the epoxy may allow the liltcr to scpârate from the reUining ring.

Thc ovcr¡ll di¡ection cnd coordination of the technic¡t mc¿surrmcnts leadingto certiftc¡tion wcrc undcr ¡hedircaioo of

P.A. PeUc of thc NBS Gas and Partisr¡late Sciencc Division'

The tcchnic¡t and support aspccts involvcd in thc cerrific¡¡ion ¡nd issuencc of ¡hls Standard Refercncc M¡tcsiÛt wcrc

coordinatcd through ittt Offtcc of St¡ndard Rcfcrence Materi¡lr by \\r.P. Recd'

*w

,a\
ìl

G¡itbcrsbr¡t& MD 20t99
May l,l. l9E4

Stenlcy D. R¡sbcrrY. Ch¡cf
Officc of Str¡d¡rd Refcrsncc Matcri¡b

(ovcr)
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Supplcmcnta¡ lnformation .

Prcparetion

The fil¡ns ìvçrc prcparcd by focused ion beam sputrrring froro ¡ SLss trrtct onto polytarbonarc fittcrs (47 mm diamcrcr,
0.1 ¡¡m porc sizc).

Thc glass tarteß for producing thc th¡n film¡ worc fabriceted by D. Dtlclùurn ¡nd D. K¡uff¡u¡a of thcNDSl Gl¡¡¡ s¡d
Optical Matcriab Group. Tbc films wcre flbdceted at Commonwcalth Scicûdfic Corporarion, Nexendriq Vr., undcr
thc supcrvision of P.A. Pclla of th€ NBS Gas & Particulate Scicnce Divi¡ion.

Thc gravimetric measuremens of thc film weights end tbc mouodnt of thc f¡lms oo s¡un¡num ringr werc perforrrcd by
,d, MarlosandK.Gerlow;rhemicrohomogcûcityrlcterninatioßofthGClcmcûtrlcomposirionofthsæfilnswcrc¡n¡dc
by D. Ncwbury (using clcctron probc microanalysis (EPMA)),ofthcGa¡ ¡nd P¡¡rist¡letcScicnce Divi,cio¡..ndT. C¡hill
¡nd coworkcn (using pro¡on-induccd x-ray fluoresccnçc spccrromctry)st tha Uniwr$¡ry of California st Devb.

X-Ray Unc Interfc¡enccs

Bccau¡c of thc nature of the sputtcr dcpo¡ition prooclr, tomê afgon, ¡s wÊ¡l ¡s ¡omc iron from tho spuncring chembcr,
rre entrappcd in these films. Thc potudum Ko x*ay liræ shouH bc correctcd for i¡tcrfcrcncc of the rrtOn KO Enc in
sRM rt33.

t

I- R¡y Abuorption Coræcrioos

Because o[ thc finitc thickncss of thè gless filmr, x.rey rbærptior¡ coñÊctions ¡houH bc ¡o¡dc. cspoci,rlly fø ¡bc tow
atomic numbcr elemsnts Al, Si, K, Ct, snd Tl Tabulated egproximate abaorption cot¡cctions rrc Alræn in Teblc 2 to
scûc es an cxamplc of thcir magnitude. The uscr should bG aurarÊ, ho*=ver, thit rarious rouæo+rnpladctætor
geomctries may rcquirc diffsrcnt ùbsorpt¡on corrections, and for best rcsultc should be determiucd oa tho puticrrlar
instn¡mcnt to bc uscé-

Analytical Me¡hodr Uscd a¡d Anat)æts :

t.

Anqlytical Methods:

A, Atomic absorprion spcctroñetry
B. Direct cufÍenl pl¡sm¡ cmission gpcctfometr)t

C. tnductively couplcd plasma cmi¡¡ion sp€c.trome¡ry
D. Isotope dilution th¿rmal ioniz¡tion mass spectrometry
E. Ncutron activation anal¡'sis

Analysrs

Ccnter for Anrl¡ical Chcmßrry

l. D.E. Norbury
2. M.S. Epstein
3. J.R. Moody
4. P.J. Paul¡cn
5. T,C. Rain¡

Coopcrating Analysts

I l. J. Rhodes. Columbia Scicntific

ó. T.À Rush
. 7. S.F. Storrc

8. R.L. Wa¡¡ers. Jr.
9. R.L Zeisler

Industries Corporation. Austin, Texa¡.

12. R.D. Giauqrle. þwrcncc Berkcþ l:boratory, Univcrsity of California. Bcrkelcy, California.
13. J- Cooper, C.A. Frazisr, NÊA lnc.. Bc¡vçrton, Orcgon.

14. R.B- Kellogg. Northrop Serviccs, [nc.. Rc¡carch Trian$c Park, North Çrrolin¡.
15. T- Cahill. R. Eldrcd. Phyrics-Air Quality Group, University of C.¡lifornia, Drvis, C¡tifornia.

sRM t833 '

Pugv 2 j
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scri¡t Nq I113 nm Wci¡ht; -L512 ¡¡¡.
Pt,.\,¡'tt,; --

Elemcnt

¡å¿ltffi
/{/ þ6¡¿tt¡,r-
¡?, /Titanium
'cfriil lton
J,<1Í an.
16,t¡Lt*za

Argon

Cçnillcd'
vrlue,(96by.T&l-

Estirnrtcd
Unoerr¡intvl(96by*t)

21 .55
11.08
8.25

9.L7
2,52

10.64
. 1.0 z)r

+

+

+

+

+

1.4
I.I
r.2
0.3
0,2
0.5

çÍiG.ú vrtç li¡cd for ¡¡ etæn¡ ¡r b.rrd c¡ ¡b ¡rntr of NEI4AC ¡d coOcrU¡re
hborerory url¡tcr. Tfc v¡luc. frot! coopcratia¡ hDontchr wcac rrrcn¡od for crå clçil. Îüc
ç¡r¡[¡rsr¡tc¡rrqrçdri¡btlrcrtrp¡crivcac¡¡ydüðÊoüt¡cNBs€ Chtcrrøri¡rtoqhfu
ItG e¡í¡fbd rr¡u€¡.

Tt. .rtimrrrd u¡car¡i¡ty lincd for ¡¡ clemt b bücd oû ¡n crrth¡¡rio¡ of ¡ùc cçuÞi¡cd cffrrr¡ of
ærbod i¡nfçcidon pc¡iHc rfltcartË øæn rneag ac:lodl ¡¡C n¡¡ri¡l v¡¡i¡t¡ility.

tv.¡ucr h ¡rrratfre*r ¡¡¡ ¡or cc¡rif¡cd, bur rre ¡iwn fer i¡føan¡b¡ n¡Oor oly.

NOTE: To çonvert the cegtificrl tt¡luct from 96 by^weight to uicrogranr pcr qrnr? cøt¡tnctcr, u¡c tbc follodng
cxpr6sion: (9óbywt¡x IO-i¡ ßLü.wt.(¡g)/10.06c,m'.'Ìl'hcu¡¡cqtrinticr¡intbefilmweigùtenduoruoroellcompertd
to thc csri¡nated uncertainty in the ccrtilïcd valucs ¡nd are, the¡cfore, not i¡cludcd i¡ this exprcsion

Teble 2

Approxinrrte X-Ray Aboorption Corrction¡

1,,

sRM 1833

\-.,' Page 3

{

Elcmcnt ¡ud
X-R¡y Li¡e

At Ka
si Ka
K Kct
Cr Ke
T¡ Ks
v Kc!
Mt KO

Fs K1¡

Co Kq
Cu Kcr

Zn Kct

Pb Lct

Corrcctioa Fagor

l.¡7
l.l4
1.07

I.0{
t.04

l.o2
r.02

t.02

t.0t
r-0r

l.0l
t.0

TOTÊL P.ø7
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Standard Reference Material 2063a

Microanalysis Thin Film Mg-Si-Ca-Fe

This Standa¡d Reference Material (SRM) is intended for use in the standardization of chemical analysis by
x-ray and energy loss spectromerry on the analytical elecrron microscope. This.film may be used to determine
relative sensitiviry factors as described in many references [e.g.,1,2]. SRM 2063aconsists of ami:reral glass
film tirat has been deposited onto a 20-nm thick carbon support film on a 3-rnm diamerer, copper tra¡smission
electron microscope grid. The thickness and densiry of the film have been determined and are presented as
supplemental information.

The certified values for Mg, Si, Ca, Fe. and O, given below, a¡e based on measuremeots made using several
a:ralytical ¡gshniques. The value for Ar in parenthesis is not cenified but is given for information only.

ffi

ir)

Element

Mg
si
Ca
Fe
o
tu

a The certified value listed for an element is a weighted, mean value pooling results from several aculytical
techniques [3,4].

b The stated uncenainty includes allowances for measurement imprecision, material variability, a¡d differences
among analytical methods. Each uncertainry is¡þs sr¡m of the half-widrh of a95% prediction interval and an
allowaoce for systemaúc errot among the methods used. In the absence of systematic error, a 95% prediction
interval predics where the true coqcentrations of 95% of the sa,uples of this SRM lie. [3,4].

The overall directioa and coordination of the tecbnical meâsurements leading to certiñcation were under the
direction of E.B. Steel and R.A. Velapoldi, Chief, NIST Surface and Microanalysis Science Division.

Statistical analysis of the certificæion data wæ provided by S.D. Iæigh and S.B. Schiller of rhe Statisticat
Engineering Division-

The tecbnical and support aspects involved in the certification and issuaoce of this Staodard Rcferenc€
Material were coordinated through the Standârd Reference Materíals Program by J.S. Kane.

Gaithersburg, MÞ 20899
Febnrary 12,1993

Certified Conceatration
7o by weightÂ

7.97
25.34
l 1.82
11.06
43,2
(0.4)

Uncertainty
% by weiþ{

0.34
0.9E
0.37
0.88
1.6

William P. Reed, Chief
Standard Reference Muerials Progr¡m

'i i
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Use: The da¡k side of the copper grid contains fhe glass film supported by carbon. The dark side should face
tbe x-ray detector for calibration procedures. High electron beam doses (above approximately t0 -s C cm2)
rnay cause insability in the chemical composition of the thin hlm. For rhis reason it is suggested rhat only
defocussed beams or scanned area analyses be used on this standa¡d a¡d that the analyst test iór beam d"-rgå
by analyzilg at several beam cu¡rents.

Preoa¡ation: The filmswere prepared byJ.M.Phelps of the NIST Surface and Microanalysis Research Division
usiag focussed argon ion beam sputtering from a glass target onto the copper support grids. The glæs target
was fab¡icated by D. Blackbu¡n and D. Kauffman of rhe NIST Ceramics Division.

Chemical Analvsis: Electron probe microanalysis, analytical electron microscopy, x-ray fluorescence, a¡üor
time-of-flight secondary ion mass specffometry were used to dete¡rnine the chemical composition of the Mg,
Si, Ca, Fe, and o in the thin film. The Ar content was calculated using a Monte Carlo program and the
measured x-ray intensities from the films. Trace concent¡ations of Ni, Cr, and Mn were also observed in the
films. The analysts were J.A. Bennetr, J.M. Phelps, and E.B. Sreel of the NIST Surface and Microandysis
Science Division.

Supplemental lnformation

The thickness of the films was measured by profilometry and was found to be 76 nm with 95% confidence
linits of t 4 nm. A densiry of 3.t g/cmr with 95% confidence limits of t 0.3 g/cm3 was calculated from the
measured thickness, a¡ea, and niass of the thin-film depositions. These values are not cenified but are given
for information only,
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