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Ahsolule vatues have been ohtained for the isplopic abundance ratios of a relerence sample of

chromium, wsing suriace emission mass spectromelty,

Samples of known isolapic composition,

preparad trem nearly purc separalad chromium isslopes, were used i calibrate the mass specftemealers.
The resulting absolute waloes are CoofCP*0,051859 = 0000100, CrodyCes = 0,113356 =+ 0000145,
GGyt == 026222 =+ 0.00005G, ifleld.i.ng; an atomic waight (C''=13) of 5190612 £0.00023, The

indicated uncerigintics sre overal

limite ol error based on 95 peeoemt confidence limits for the moan

and alluwances e effects of known auurces o pussible ayslemalic eroer
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1. Introduction

The NB5 is conduching a long term program of
physical atomic weight determinations, using aolid-
source mags spectrometry.  Previous determinations
include silver [1]., chlorine [2], copper [3]. and bromine
[4]. The present work exteads Lhe stady to chromiwm,

Recently Flesch el al., [5], published what were
purported to be abaolote measurements of the chro.
mium isotope ratios. Becanse of analytical problers
they were unable to calibrate their mass spectrome-
ter directly with mixlures of separated chromium
isotopes and resorted to indirect calibration, using
mixtures of szeparated nilrogen isotopes. Unfor-
tunalely thizs procedure makes the assignment of the
word “absohite™ to their result= highly questionahble.

In the present study, both mass spectromelers
used were calibrated for bias by the use of samples
of known isotopic composition, prepared [rom nearly
pure separated chromium isotopes. The measured
biases wera then used to oblain the absolute chrotmivin
izotope Tatios of a reference sample of commercial
chromium. The atomic weight was then caleulated,
using masses Trom Mattauch et al., [6]

In this laboralory considerable effort has been ex-
pended in the design of collectors and the modilica-
tion of recorder systems to insure lhal any biases
from these components are conslant. The only
“random™ bias 1= due to the masa-dependent frac-
tionation of the izotopes during ionization, and this
biss iz independent of the isctopic composition of
the samples. Thus, for each instrumental system
used in this study, a single mass-dependent hias
cortection lactur is determined and is valid over the
entire range of i=otopic compositions measured.

The calibration samples were prepared by mixing
aliquots of Cr5® and Cr5* separated izotope solutions,

The use of the two extreme-mass isotopes gives the
maximum sensitivity for determining the bias in the
source region of a mass specirometer.  Had synthetic
mixtures approximating natoral chromiom isotope
compusition been wsed for the calibrations, it would
not have been necessary to make corcections for
amplifier attenuators, hut the propagation of isotopic
composition uncertainty involved in mixing all four
separated chrominm isotope solutions and the lact
that 1he rwa extreme-inass isotopes are bolh minor
in natutal chromimm, would have made the bias deler-
minations less accurate.

The fact thal each instrument used requires a single
correction factor for aource discrimination has been
demonstrated by numercns analyses of many different
uranium isotope standards. However, the assumption
was retested in this study by applving the correction
factors determined by the unnatural mixes to the anal-
yses of two "natural” synthetic mixes and comparing
the experimental results with the theoretical values.

2. Expatimental Procedure

2.1. Mass Spactromairy

The isvlopic measurements were made with Lwo
different, single-focusing solid-scurce mass spectrom-
elers. One instrument {M5=2) has a &in. radius of
curvature 60° analyzer tube and 48° sector wmagnet;
the other has a 12-in. radius of curvature 68° analyzer
tube and &) sector magnet. The electronic com-
ponents and source and collector design are basically
the same in both instroments.  Surface ienizalion
from single-filament platinum-ribbon  sources  was
vsed. Triple filament sources (thermal ionization)
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could no1 be used becauwse they had large Cr* back-
ground signals which would have made it impossible
to analyze accurately the separated isolopes. [on
currents were measured by means of a vibrating reed
electrometer with an expanded-zscale recorder.  Ralivs
were measured by varying the mapnetic field at con.
stant ion-aceelerating voltage.

The chromium was deposited on the sample fila-
ment in the form of dilute nitric acid {1+ 99 soluticns
of chrominm njirate, One drop of salution, contain-
ing approximately 0.06 mg Cr {3 meg Crfml), was
deposited on the filament and deied with a heat lamp
and an electrical corrent which was slowly increased
to ~ 2.2 A. Afier this procedure the heat lamp and
current were turned off and one drop 10 percent
HMN(; or distilled water was placed over the dried
sample an the filamemt. The solution was then re-
dried in the same manner as above. The drop of
acid or waler setved 10 spread the sample more evenly
over lhe filament surface. WNo difference was noted
hetween the efficiency of the two reagents: the acid
was used in the analyses performed on one mass
spectrometer (MS3-2) and the water on the other
M54,

In the mass spectrometer a sirict pattern of fila-
ment heating was followed and all data were taken
on stable or growing signals (3—4 % 10~ A, Cr®) be-
tween 37 and 60 min after the Alament was turned on.
SBince the abserved ratios varied with time, all anal-
yaes which did not follow the normal signal-growth
pattern were discarded.

Belore being used, all filaments were prebaked in
a vacuum and onder a potential field, to reduce the
possibility of significant chromium background signals
from the filament material. Small chromium signals
were visible when ynbaked filaments were heated to
just below their melting point, but no signals were
seen for prebaked filaments at the temperatures used
in the analyses,

2.2. Prepurotion und Chromium Concentration of the
Sepurated Isctope Solutions

Approximately 2 g each of electromagnetically sep-
arated Cr®?, Cr32, Cr®%, and Cr™ isotopes, in the form
of CrOs, were obtained frem the Isotopea Division,
(Qak Ridge Malional Laboratory of the Union Carbide
MNuclear Company. The Cri®0, was designated series
LZ, sample 1449A; the Crj*0; was designated series
LZ. sample 14504A; the Cr3?0; was designated series
LZ, sample 14514; and the Ci*); was designated
series LZ, sample 1452A. The certificate of analysis
accompanying each sample indicated a high degree
of chemical impority. The samples were further
analyzed by the Spectrochemical Anailysiz Section
of the NBS and the results of these analyses showed
the following elementz detected a1l a concentration
level of less than 001 percent: Al, B, Ca, Cu, Fe,
Mg, Mn, Mo, Ni, Pb, 5i, and ¥. No impuorities were
detected at a higher concentration level. 3Since the

chromium congentrations of the solutions 1o be pre-
pared were to he determined by redoetion of hexaval-
ent chromium with ferrous iron, only vanadium and
manganese would interfere in the analyses by being
reduced from a higher to a lower oxidation state,
These elements were determined quantitaiively by
emiggion spectrography. The results showed 1tha
the manganese concentration was less than 0.002
percent for each isotope sample and the vanadiom
concentration was less than 0.005 percent for each
sample except the Cr® sample which contained 0,008
percent ¥. These concentrations were too low to
cause significant error in the chromium delermina-
tions, s¢ it was not necessary to further puorify the
isotope samples.

A 1.3 to 1.5 g sample of each separated isolope was
transferred to a 100 ml beaker and covered with 15 ml
of redistilled perchloric acid. The beakera were
heated overnight at 140 1o 150 *C o dissolve the
chromic oxide and exidize the Cr+? w Cr+%.  Tests
showed that, if the lemperalire was kept between
140 and 150 °C, only a small amount of chromium would
be lost as chromyl ¢chloride and almost all of the chroin-
inm would be oxidized 1o the hexavalent state. The
solutions were cooled, diluted with 15 ml of water,
and heated on a steam bath until starch iodide paper
gave a negative test for chlorine.

The aolutipns were filtered through sintered glass
and transferred e 100 ml volumetric fasks whese
necks had been cut off so that only about 1 em re-
mained. Enough waler was added to bring the final
volumes to about 65 ml and the sohitions were thor-
oughly mixed by swirling for several minutes. Each
flask was then sealed with a rubber serum septom
and allowed to stand overnight in the case of a semi-
microbalance to insure thermal equilibrium.

The Hasks and conlents were weighed on the bal-
ance to HL02Z mg Samples were withdrawn from
each Hask by inserting a platinum needle, attached o
a glass hypodermic syringe with a Kel-F hub, throogh
the rubber septum and withdrawing the desired amount
of solution. A second needle which just punciured
the septum served as a vent. The weight of the
sample withdrawn was determined from the weight
of the flazsk before and after withdrawal of salution.

Four samples each, weighing from % to 11 £ and con-
taining 7 to 10 meq (milliequivalent} of chromiom,
wete withdrawn from each solution. Each sample
was transferred to a 50 ml Erlenmeyer flask and the
syringe and needle were washed with distilled water,
the washings also being added o the flask. The
volume was adjusted to 19 ml by evaporation. The
solution was made alkaline with 10/ NaOH solution
and 1 ml of 3 percent hydrogen peroxide solution was
added o insure complete oxidation to hexavalent
chromjumm.  The solotion was then heated on & steam
bath to destroy the excess hydrogen peroxide.

The chromjum concentration of each solubion was
determined by constant-current coulomelric titration
with ferrous ions generated a1 a platinum cathade by
electroreduction of ferric ion. The end point was de-
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termined amperometrically. Details of this method
are given in Marinenko and Taylor [7].

The accuracy and precision of the chromium con-
centration measurements were determined by apply-
ing the snalytical procedure 10 NBS standard reference
material 136b, potassium dichromate, which is known
to be 99.977 0.3 percent KeCrp(y [7] based on oxi-
dizing power. Four solutions of this material, in the
approxjimate concentration of the separated isotope
solutions, were prepared on a weight bazis and the
concentration of each solution was caleulated as milli-
equivalents of chromium per gram of solution. Four
te six samples wete withdrawn from each solution
and the chromium in each sample was partially re
duced by adding hydrogen peroxide or sulfurous acid.
The chromium in each sample was determined by the
method deseribed above and the resnliz were com-
pared to the amounts known to be present.

Diata resulting from these analyses showed that (a)
the average concentralion of chromium for each set,
as determined by thiz method, agreed with the cal-
culated concentration to within 0.002 percent, znd
ik} the standard deviation of an individoal delermina-
tion {17 degrees of freedom) is 9.010 percent for a sqlu-
tion containing 1.0 meq Cr/g solution.

The excellent agreement between the analytical
and calculated amounts of chromium alzo prove that
the oxidation of trivalent chromium te hexavalent
chromium by hydrogen peroxide in alkaline solution
is quantitative and that excess hydrogen peroxide s
completely destroyed.
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The results of the chromiom analyses of the sep-
arated isotope solutions are given in 1able 1. Pooling
the results of these four sets of analyzes with those of
the four sets on the standard material yields a valoe
of 1.05 % 10~* meq Crfg solution as the standard devia-
tion for an individnal determination. The standard

ercor of the mean of four determinations is therefore
0.50 % 10~* meq/g solution and that of five determina-
tions is .47 X 101 meqgfg solution. At the 95 percent
confidence level, the wocertainiy in the chromium
concentrations of the separated isotope solutions is
+ 2.0 <050 % 10-%=x1.02 X 10" megfg sclution,

2.3, Isatopic Analysis of the Separated Isotope
Solutions

Each of the four separated isotope sclutions was
analyzed four thmes on each instrument. Sources
were dismantled, cleaned and reassembled between
the analysiz of each aolution, 42 a protection againsi
the possibility of cross contamination from the source
parts. Except for the sake of camplete security thia
procedure appears 1o have been unnecessary, Tests
showed that thete were no signifcant differences
between the resuits of an analyses of the Cr™ solution
performed on the same zource which was previously
used for four consecutive analyses of the Cr™ salution
and the four Cr® solution analyses made on a newly
cleaned source. Mo memory effects were visible even
in this extreme procedure.

The isotlopic compositions of the separaied isotopes
are given in table 2, They have been corrected for
wmass spectrometric bias, with changes being negli-
gible after two rounds of iteration. The jsotopic
compositions reported by ORNL are “CPA™, 959
*+0.1 atom percent Cr*, 3.76 = 0.05 atom percent Cr*2,
0.26 =0.05 atom percent Cr* and 0.05 atom percent
Cra4, “Cr#*, 001 atom percent Cr™, 9987 +0.02
atom percent Cr®, 012 =002 atom percent Cr%
and 0.01 atom percem Crd; “Cpr3", < 05 atom per-
cenl Crf, 344 £0.05 atom percent G, %6.4 =01
atom percent Cr¥® and 0.18 £0.02 atom percent Cr’4;
“Cr”, 0,11 atom percent Cr¥, 4.01 +0.05 atom per-
cent Cri, 1.70 = 0.05 atom percent Cr@ and ¢.1 =01
atgm percent Cr™,  The ORNL limits quoted express
the precision of the measurements. From koown
gources of systematic error, the absolute ercor is
estimated by ORNL to be less than 1 percenl.

TagLE 2. [sotopic composizion of separaied chromian csoiopes
ueed iR calibration soemples
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2.4. Praparation of the Calibration Somples and Syn-
thetic Mixturss

Two calibration samples and two synthetic “natoral™
mixtures were prepared by mixing weighed portions
of the separated isotope solutions. The calibration
samples (I and II) were prepared from the Cr® and
Cr®™ solutions in the approximate ratios 1:1 and 2:1,
respectively. The synthetic mixtures (III and 1¥)
were prepared by mixing weighed portions of all four
of the separated isotope solutions to approximate
the jsotopic eomposition of natural chromium.

Each sample was thoroughly mixed and 1 ml of
sulfiurous acid was added to reduce Cr*® te Cr+
Ammoniom hydroxide was added to precipitale
chromic hydroxide and the solution was filtered. The
chromic hydroxide was dissolved in hot dilute HNO,
and the solution was evaporated to near dryness on a
steam bath. The residue was taken into solution
with 1 percent HNOQ: and the volume adjusied so that
the chromiem concentration waz 3 mgfml The
compositions of the calibration samples (I and I) and
the syothetic mixtures (III and 1¥) are given in table 3.

Tanie 3. Composiien of chrominm colibration semples ond sym-
thatic mixtures

Sya. 1V, Ref., Cal. I: Ref,, Cal. IL. All ratios were
measzured for the reference and synthetic mixtures
hut onty the Cr% (™ ratio of the calibration samples
was meazured.

The sources were dismantled, eleaned, and reas-
sembled between each set of analyses but not dur-
ing any set. The results of the memory tesis made
during the analyses of the separated isotope sclutions
showed that the latter precaution was not necessary.

3. Results and Discussion

Table 4 summarizes the results for the two calibra-
tion samples prepared from the Cr** and Cr separated
isotope solutions. The purpose of these samples
and analyses was to measure the mass discrimination
which resulted from the mode of ionization, The
observed ratios have been corrected for the systematic
biases of the amplifier attenyators.

Table 5 summarizes the results for the twoe synhetic
mixtures prepared from ali four separated isotope
solutions. The purpose of these samples and analyses
was to demonstrate that the corrections applied to
the observed data do, in facl, correet the ohserved
data to absolute. The experimental results (not di-
rectly shown in the table) were armived at by cor-

recting the observed resultz for attenpator bias,
Miztare Tevtope Wt sl Cone aahn Cr measured by impressing a calibrated voliage on the
ks i i L feedback leop of the amplifier, and mass discrimina-
L mey tion, evaluated by the analyses of the calibration
I 50 L1 0750706 o,
ot ot il T samples {rahle 4},
I 5 L5063 58706 6702
54 LIE . Lok AeOnT AT
n 0 T J— 10176 TABLE 5. Cnmpan'ﬂnn af :J:zr:nrsl!irn.lf n.ru:f experimenial values of
52 29TIEL AoRod] 206072 retyral™ synthetic mixtures
L: ] 0431]] AM215 D3B4AT)
54 IS Eo ] 105886
¥ 5 R 54T . Eymibelic mix I Somibevio twin 1Y
52 5.5.?15- RIS L t-Lonyn ) rinpe
¢ 54 e e pr-He Theoretenl | Ratios oot | Tocorotical | Rt Joent
o 26 0 i H902 0.4
2.5. Isotopic Analyses of the Calibration Samphes and 5t LR e B0 10000
Synthetic Mixures 54 471 10010 1208 10003
I pe 1205 )
Two cotplete sets of analyses of the calibration i 25 °

samples and synthetic mixtures were made on each
instrument. Each set consisted of the following se-
quence of analysea: Ref., Cal. I; Ref., Cal, IT; Syn. III,

These are the only two instromental corrections
necessary. Collector efficiency and linear ohmic

TaBLE 4. Betermination of mess discrimination in ionization

Callranlin wla | Calibrtion mix 11
Average commeciian
Mass npects 1] bq K Theor. Tre?iCrH = 088476 Thaoor. CrRiCps = | Ehedl Tacaow for wach
muwibar : inas

(4 mebsn umimp

Theear. Theor

Oha. CPMCrH Ratla: s, CPC Ratii:

Oba. Ohe.
MS=-2 1 91043 57 180 1.B7eA2 0.57318 T97HD
H SR STMT 1 ETA Rk nl] A2 LB
M54 K} Yy 8730 1. RTHG Frise L rpeie]
4 0088 A3 1.BI555 G738 T35A
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response of the high resistance input resistors were
shown 1o be constant over a much larger range of jon
currenis by the analyses of many different uranium
isotope standards. The Y2 percent limit of errer for
“random™ {ratic dependent) bias associated with
strip-chart recorders was eliminated by the uvse of
expanded scale recorders.

TAELE 6.  Corrected isalopic ratfos for the reference sampie
Filaca Du:coemnbnmin CeaCresh | Ot | SrefGetrt
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Table & givea the corrected chromium isotope ratios
as calenlated in the four separate determinations, and
the average values, with wncectainty components.
Using the nuclidic masses given by Maltauch et al
[6]. the results yield an atomic weight of 51.90612
* L¥I33 on the unified scale (C*=12), These cal-
culations are summarized in table 7.

Flesch et al., {5] report no variations in the isotopic
composition of 18 chromite samples from various
localities which are the major sources of commercial
chromiom, so the atomic weight of laboratary chro-
mium should be constant. Svec et al. [8], measured
the chromium isotope ratios of a number of secondary
chrom-bearing minerals and two meteorile samples
but their rezults left unresclved the queslion of pos.
sible wvariationa in theze samples. A further stody
of namral chromium samples is in progreas at this
labaratory.

The authors are indebted to Mrs. Martha Darr for
the guantitative zpectrochemical analyses of the Mn
and ¥ in the chromium isotope samples and to Hsien
E, Ku for the stalistical analysis of the experimental

ata.

TABLE 7. Summary calcelotions of the alemic weight of chromtinm in the reforence samplc
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CrH 15000  AHIT = 44 = M = ANNERS ]
£ 50T = .08 = I = D173 = s = .12
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*The orerall limit of ernor b the aumn of she 95 peeeen sanfidenss Jmids for the ratio dederminstines and he
ceema enwering effects of knawn soorces of poasible syslensalic =mor.

*From tnbl= 6.
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