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Accurte messurement of stoichiometry of GaAs provides new data which are used for calculation of the

armic weight of Ga. Using the IUPAC acoe

value for the alomic weight of As (74.92168), the slomic weight of

Ga based on this wirk is 89737 &£ 0.006. The mean of two independent chemical values for the stomic weight of
Gua, one obtained by Lundel] and Hoffman and the other in this work, is 69,735
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1. introduction

The presently accepred value of the atomic weight of
gallivm is 62.72 [1].! This value is based primanly on the
work of Richards and Craig [2, 3] involving preparation of
gallipem trichloride with subeequent determination of GaClyf
3Ag ratio, conversion of gallium metal to gallion oxide via
several routee by Lundel! and Hoffman [4] and mass spectro-
melrc determination of ®Ga/™'Ga ratio by Inghram, e al.
[5]. Mt ig interesting that the *rounded value™ of the atomic
weight of Ga as reported by Lundell and Hoffman (4] is 6%. 74
which differs significantly from 62.716, the value obtained
on the basis GaCly/3Ag ratio and from Lthe mass spectrometric
value of 69.72,

The eatablishment of alomic weights has never been easy
in view of high demande on accuracy and the need for many
independent methods of delermining these “constants.” [n
some cases lhe values based on the mean of many measure-
ments were Tound to agree quite well with the dala obtaived
by new methods and instrumentation used for such purposes.
Such is the cage wilh potassium, for which the newly deter-
mined atomic weight by means of absolule mass spectromet-
ric isotopic abundance measurement [6] is in excellenl agree-
menl with the atomic weight of polsssium based on chemical
iniercomparizon data [7].

DeLaeter recenily reporied a mass-spectrometrically mea-
sured TGaf*Ga matio as 0.G559 [B]. The mass spectrometer
weed in this work prodduces isotope lractionation, resulling in
the apparent lighter isctope ) enrichment. The i-
tude of this effect, as measured by DeLaster from “"Rb/®Rb
for the Nalional Bureau of Standards rubidiem reference
material SRM 984, is 0.625 percent per mass onil difference.
Thus applying an wverall fractionation correction of 1.25
percent to galliom isotope ratio the corrected value was
reported as 0.6641. This ratio, in lurn, when combined with
isolopic mass data [9), yields 0. 724 as the atomic weight of
gallium.

e the i B ol the end of shid papee.

Coulumetry, by no means a new method, has been used for
acentals delermination of aomic weights as tecently as 1975
[1D, 11], and as a method of preference for the aseay of the
separaled isotope solutions for absolute calibration of mass
spectrumelers, used in alomic weight delerminations [12, 13,
14, 15]. In this paper dala are reported which were oblained
as part of a different experiment, namely Lhe evaluation of the
sioichiometry of a compound, through the determination of
major constiluents. These dala on coulometric determinations
of sloichiometry of GaAs shed some addilional light on the
atomic weight of Ga.

2. Materiol

Aa part of a chemira! characterization exchange program
under the auspices of OECD {Organization for Economic
Cooperalion and Developmenl), characlerization of high pu-
rilty, specially prepured single crystal gallium amsenide was
one of the problems of inleres! [16]. The malerial had been
prepared by a slale-of-the-an procedure o produce single
crystale of high pority and accurale stoichiometry. The deter-
mination of impurilies in this malerial by other methods
indicates that it is of extremely high purily. For the purpose
at hand even 99,985 prrecnl purly would have been a;cccvppl-
able, but of course the material used iz of higher purity. For
example, mass spectrometric determinzlion of impurities in-
dicates that by difference gallivm and arsenic comprise
00,9903 weighl pereent of this material, while neutron acli-
vation determination of impurities indicales that gallium and
arsenic conslitute 33,9994 weight percem [16]. '

Four different samples of single crystal Gads were invesli-
pated. Sarmples, weighing on the average 320 mg, were
removed from their plastic packaging, placed on a poreelain
plate and divided approximately in half by applying moderate
pressure with a sieel knile along the cleavage plane of 1he

scrystal. Subsequenlly each piece was elched in a platinum
crucible wsing ACS reagent-grade HF, washed in disiilled
waler and vacuum dried inog desiceator as speoilfied in Lhe
OECD instructions under deoxygenation procedure. Each
piece was placed in a plalinum boat, weighed and delivered
catelully into & previously washed and dried 125 ml Erlen-



meyer {lask. Five milliliters of “Suprapure™ nitric acid were
delivered inte the flask in a hood, the flask was inclined so
that it was virually horizontal, w prevent the loss of spray,
and lefl in that position unlil dissolution of the sarmple was
complete.

3. Method

3.1 General Description

The general classification of the metheod i3 conslani currenl
coulometric titration with amperometric end-point determina-
tion. Since this study involved the delermination of Guds
stoichiometry obviously two methods were used: one for Ga
and one for As. Gallium was determined via an EDTA
{ethylenediamine Letraacetic acid) complexalion reaclion and
back titration of eacess EDTA with zinc. In genersl, the
analylical procedure of Reilley e al. was adopred [17]
Reilley «1 al. have shown that gallium can be determined
volumetrically with precizion and acouracy better than 0,05
petcent. The coulometric procedure, enabling even more
accurale quantitation, was developed in this laboralory. With
the exceplion of the reduction procedure arsenic delerming-
lion was hased on our carlier wark (18]

Reilley’s procedure for the determination of gallivm re-
quires standard EDTA and standard zine solutions. Excess
EDTA was added to complex the trivalent gallium {in aceiate
buffer solution), healed, and the excess EDTA was back
titrated with standard zing solotion. A amall amount of mer-
curie EDTA complex was added to the solwion 1o act as an
indicater ion, using & mercury indicalor elecirode.

In our melhed, EDTA was handled a8 & solid. [t was
stundardized coulometrically with clectrogenerated Zn*,
The electrochemical behavior of Zn (Hg) was reported earlier
[8, 9]. The end-point of this tilration was determined ampera-
metrically using & gold amalgam polarizable elecirode, a
standard calome} reference electrude and an applied poten-
tial of 1.20 ¥ versus SCE (zaturated colome] electrode). This
potential corresponds to the diffusion platean of the Znt**
reduction wave,

3.2 Coulometric Standaordization of EDTA

[n order 10 proceed with determinalions of galliom via the
EDTA ritration, it is necessary 0 know the “complexometric
titer” of EDTA. It was, thersfore, decidad 10 delermine the
elecimchemical squivalent of a small lot of Na, EDTA « 2H, (0
for this purpose. The material {about 500 g) was stored in a
52 percent reletive humidity atmosphere lover saluraled
bgi Nhy)e solution). A two gram sample of the material was
used for each delermination, Aler weighing EDTA sammples
by substitution Lthey were delivered into 125 wl Erdenmeyer
flasks.

After deaeration of the electrolyte (0.5 8 NaCl + 0.5 M
sodium acetate) a small amount of EDTA {e.g. 30 weq) was
added 10 1he gnode compartment and the electrolyte was
pretitrated with electrogenerated Zn*t 1w an amperometric
end point. The electrolyte was then permitted te flow inio the
intermediate compartments of the cell and also drawn into the
Erlenmeyer flask {equipped with siphon armengement) con-
taining |he weighed EDTA sample, The semple was dissolved
and forced inte the cell. Subsequently, aufficient Zn** was

generated at 100 mA o react with about 99,8 percent of the
calculated zmount of EDTA in the sample. The passage of
cwrenl through the cell was then stopped. The Edenmeyer
flask, which originglly contained the sample, was rinsed by
repeated filling and emptying of the electrolyte from the cell,
and the imermediate cell compatiments were rinsed by ap-
propriate manipulation of the vacuum and nitregen lines,
leaving only a small amount of electrolyte on the bottom of
these compartments te permil the passage of low cument.
Then the titration was resumed. At this stage, just as in
pretiteation, the ritration wae carried out at 6.43 mA cumrent.
An argon stream was bubbled through the solulion and the
indicator current was measured efter the passage of each
increment of charge (1 goeg of Znt*), Afler the completion of
the dala acquisition in the end-point region and beyond it,
the we linear portions of the indicator current (residial
cutrent end the limiting current due ta the reduction wave of
Zntt) were extrapolated graphically 1o the point of inlersec-
tion. Since the indicator eurrent exhibits & significant curva-
lire in the #nd-point region and the slopes of the indicator
eurrent lines are nol very reproducible, such an extrapolation
could cause some significan) erors. Consequently, the poin
of maximum change in the slope of the indicalor curren
function was approximated by bisection of the angle between
the residual currert and Zn** limiting current lines and
extrapolalion of the hisector 1o the fitted curvalare.

3.3 Golllum Determination

The solution of gallium arsenide in nitric acid wos evapo-
raled down 1o virtual devness, converted 1o sulfale using 10
ml of water and 1 ml of concenirated ACS reagent grade
sulfuric acid, and evaporated down. Ten milliliters of con-
centeated HCI and 2 ml of HoS0w were added and volatiliza-
tioir of AsCly was carried out on a hol plale al abow 80° C.
H:50; was added two more times and the heating process was
continued for a total time of 4 hours. After cooling the
solution, NHyOH was added dropwise uniil a precipitate of
gallium hydrexide became permenent. An excess of previ-
ously standardized NagEDTA-2H 0 was weighed into the
flask via a powder funnel and washed down with abow aboul
50 ml of pretitrated supporting electrolyte (4.5 b NaCl and
0.5 M sodium acelate; pH = 5.5). The solulion was heated
for an hour at about 50°C on a hot plate, cooled and
delivered inte a coulomerdis cell containing 50 ml of preti-
trated supporting electrolvie. Subsequenily, the excess
EDTA (that amount which did not rmract with Ga*™ ™) was
back titrated with eleclmgenerated Zn**, generated coulo-
metrically from the Zn-amalgam anode. The end point was
determined amperometricaliy in the sume manner as in lhe
sndardizalion of EDTA. An argen atmosphen: was main-
taived in the cell in the course of the whole experimient.

3.4 Acsenic Delsrmination

The sample, pretreated and weighed in Lhe same manner
as [or Lthe Ga delermination, was dizsolved in a 123 ml
Erlenmeyer flask in 5 mi of concentrated HNOj3. The excess
HNOy was remaved by the addition of 1 ml of HzB0, and
Iriple evaporalion. The pentavalent arsenic was reduced with
5 ml of HuS50. The excess S0 was temioved by sweeping the
flask with nitragen for ane hour. The zolution, neutcalized

, :



with deacrated 1 M NaOH until precipitation of GalCH},
became apparent, was delivered via the siphon arrangemen
into the pretitrated electrolyte (0.1 M K1 + saturated solution
of NaHCO5: pH = 7.0 Tilmtion to the amperometric end
poinl was catried out as described earlier [15]. An angon
almosphere was maintained in the cell.

4. Instrumentation®

For canstant-current coulomelric tiltalions, three differsnt
insirumental Facililiss are required for the measurements of

current, lime and end-peint indicator signal.

4.1. Curment

A Princeton Applied Research conslant-current power
supply Model TC602-CR was employed. Iis maximum outpul
is 60V and its corrent rating is 2A. The puwer supply was
operated in a constanl-current mode, The curvent value was
selected to be such that the IR drop across the standard
resistar equals the voltage of 1the saturated Weston cell, The
slapdard resistor and Weslon cells were calibrated at NBS.

4.2, Time
A Beckman Muydel 3750 Universal EFUT and Timer was

uged for measuring the time interval belween the start and
termination of the pzssage of currenl thyough the coulometric
cell.

4.3. End-Point Determination

A Sargent Model XXI polarugmph was uscd lor application
of the potential o the indicator electrode system and for
recording the indicator clivrem.

4.4, Mass Measurement

A Mettler Microbalance was used for weighing. The bal-
ance is a constant load type, 20-g capacily. The stamdard
deviation of the mass measuremen| process on this balance,
establizshed over a number of years, is (.003 mg The sam-
ples were weighed in & platinum boat by the substition
melhod. NBS calibraled weiphis were used for this purpose.
The weight of the samples was corrected Lo the mass in
vacuum hy applying the appropriale corrections for the effct
of air buoyancy.

4.5. Muthod of Colibrotion

The elecirical and time measurements were performed

inst slandards calibraled by the appropriate laboratories
ﬂofﬂha NB5. The accurale curenl messurement was based on
the values of a standard resistor and the voliage of a saluraled
Weston cell.
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5. Results

The mast direct way of examining the result of stoichiomel-
ric determinations is 10 view them in terms of the nuinber of
moles of conslituent elementa per unit weight of malerial.
Thus, Lhe results of anulysis of single crystal GaAs, reporled
in terms of millimoles of Ga and As per gram of Gahs, are
summarized in table 1. The analyses peHorined show that the
analyzed material adheres closely to 1:1 compound atoichi-
omelry. It is imporianl 1o note here that the determimnation of
stoichiomelry through coulomeiric analysis is towally inde-
pendent of the knowledge of the alomic weights of the ana-
lyzed conslituents; for that matter 1 is independent from mosl
of the constants which are involved in computations {e.g.,
Faraduy's constant]. All known possible aystemalic errors are

believed w be neghgibile.

Tawie |, Confommetric Anafysis of Gahs

(za, mM/g zaAs Aa, mMig Gada
691291 6,91325
491324 6.91283
09144 6,9127Th
6.3 L205 63259

Ave, 601202 Ave. 6512806

§ = 000034 § = 0.0

(herall Average = 691284
Pooled s1andend deviation = &, 00031
Standard #rmor of overall avernge = 00,0001 1

Using the awichiometry data of table 1 end invoking the
accepted value for Lhe alomie weight of arsenic {74.9216) the
pocled data, reported in lable 2, were calculaled. The rtion-
ale behind the use of pouled duta is that ne spparent signifi-
cant difference is loond between the malar galliovm and
arsenic content of the analyzed material. Henee, for 1:1
sloichiometric compound, poaoling the molar content values is
justifiable and wsed as the basis for the caleulations of 1he
atomic weight of gallium.

TamE 2. Povled [hatg®
As 51.7921 percent by weight
Ca 48, 2073 percent by weight

Atomic weight of Ga = 89,737 = 0,008

* Theee data are based on the pooled weichiometr: data of Table 1 and
74,9216 as the stomic weight of amenic, The uncenainty imbicated is the 95
percemt confidence limin,

Thus, using 74.9216 as he atomic weight of arsenic its
concentration in GaAs is found 1o be 51.7921 perceni by
weight. Since concentralion of impurities in this matenial was
found 1o he nepligibly small, the concenteation of gallium can
be easily calculated to be 48,2079 percent by weight (as the
difference from 100.00 percent}. Hence on Lhe basis of
data reported here the atomic weight of gallium is 69,737 *

. 0.006, the uncertainty being the 95 percent confidence limit.



&. Conclysions

Coulemetrically determined concentrations of Ga and As
in GaAs confirm a high degree of adherence of the analyzed
malerial 1o 1:] compound sloichiometry. The value of the
alomic weight of Ga (69.737) computed Trom data reponted
here differs somewhat rom the IUPAC accepled value of the
atomic weight of gallium (69.72} and is believed 10 be more
accurate. I should be noted that this is the first atlempl to
wse Gads as the malerigl for atomic weight delerminalion.
The electrochemical value of the atomic weight of Ga com-
puted here iz in a good agreement wilth the chemical combin-
ing weight ratio value ablained by Lundell and Hoffman [4],
bused on gallium-to-oxygen-weighl-ratin in Gag(ly. Using Lhe
two independent values for the atomic weight of Ga (one
based on this work end one based on the data of Lundell and
Hoffman [4]) the mean chemical value of the alomic weight of
Ga based on itz compound stoichiometry is 6%.735.

It appears that two dislincitly different values of the alomie
weight of gallium are now in existence. The masa speciromer-
ric value is 62.724 and the chemical value is 69,735, In view
of the fact thal no significant gallium isolope fractivnalions
are reported in nature, the likelihood of isslope fractionation
in the purification of GaAs is bighly remole, This apparent
discrepancy needs to be resolved. Determinalion of the
atomic weighl of gallium coulometrically by anolher inde-
pendent appreach, similar to that used lor the atomic weighl
of zinc [10, 11], is anlicipaled in this laboratory. The uee of
high purity gallium will eliminate a possible sonree of ermor in
chemical determination of alomic weighta, namely that of
compound stoichiometry.

The author wishes to express his gralitude to H. Sieffen
Pieser znd Hamry Ku for their valuable suggestions and
critigue in the course of the review of this manuscript,
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