Lawrence Berkeley National Laboratory
LBL Publications

Title
A Rotated Platinum Cell for Controlled-Potential Coulometry

Permalink
btt_ps://escholarship.orq/uc/item/9kw4n44x]

Author
Clem, Ray G

Publication Date
1971-04-01

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License,
available at bttgs://creativecommons.orq/licenses/bv/4.0,|

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9kw4n44x
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

Subnﬁitted' to Anal. Chern.
o Preprint

. » I .
; A ROTATED PLATINUM CELL FOR
CONTROLLED-POTENTIAL COULOMETRY

Ray G. Clem

April 1971

AEC Contract No. W-7405-eng-48

UCRL-20473 Rev.

eR

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

To

A9Yd €Ly027-THON



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. S



~-iii- : . UCRL-20L4T3 Rev.

:A ROTATED PLATINUM CELL FOR CONTROLLED~POTENTIAL COULOMETRY
Ray G. Clem
Nuclear Chemistry Division and
"Lawrence Radiation Laboratory
University of California
Berkeley, California 94720

April 1971

BRIEF
A rotated platinum cell for controlled-potential coulometry has been
constructed and evaluatéd with several chémical systems. The highest
electrolysis rate constants ever achieved with a platinum electrode, rapid
sparging, and low sample volume requirementé are some of the.advantdges‘of

this cell,
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ABSTRACT

A rotated'platinum cell ‘which is a COncéptual departure from the

" stationary platinum gauze~stirred solution~type cells has been constructed.
It'has,fast sparging charécteristics,.low sample—volumé requirements, gnd'

.permits the attainment of the highest electrolysis rate constants ever

achieved with a platinum electrode. Constants of 0.13, 0,082, ana ngéi:sec-l
are found for Au(III), Fe(III), and nitfite; respectively. The platiﬁum cell
is a gauze-lined cylihder;‘partially open at the top, and closed at the 
bottom. Centripétal force holds the sample solution'against the cylinder wall

in a‘thin film. The film is contacted and efficiently stirred with a stationary,

.coaxial, counter electrode~reference combination probe. This cell is freely

‘ interchangable with the rotated mercury cell in an apparatus previously -

described (1).
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A ROTATED PLATINUM CELL FOR CONTROLLED~-POTENTIAL. COULOMETRY =
Ray G. Clem
Nuclear Chemistry Division.and
Lawrence Radiation Laboratory
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Berkeley, California 94720

~ April 1971

INTRODUCTION
The presented, novel; rotated platinum cell is a cohceptuﬁl departure
from the widély uséd stétionary; platinum gauze, stirred solutionbdeéigns and
is the result of an‘extention of previous work which leéd tovthé development of
the rotated mercury cell (1). o |

The cell, which is made entirely of-platinum, is a gauze—lined:cylinder,

_clqsed'at the bottom, and'pértially open at the top; It is held inside a plastic

gylihder, with a partially open, plastic, screw-cap top; The plastic cylinder
is attached to a copper turntable, and fhe cell—turntabie combinafion is
mounted in the previously described 1,800 rpm motor driven apparatus (1). The
samplé solution, upon rotating the cell, is held againsf the cell wall with

centrifugal force and is contacted and efficiently stirred with the coaxisal, .

combination, reference-auxiliary electrode probe. This efficient stirfing

combined with a favorable working electrode surface-area to sOlution;volume
ratio results in the attainmént of what quite possibly is the highest electrolysis
rate constants ever achieved with a platinum electrode; This claim isbqualified
below.

As ékpected, many of the'desirable qualities of.the'rotated meréury

cell are found in the presented rotated platinum cell since both are based on
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tﬁe same principles. 'Hence, it also features very rapid sparging'characteré-
istics. Usually, twenty seconds of sparging is sufficiént to reduce the . |
oxygenvcurrént to a value helow the lével of thé background cufrent. Also, it
presently requires only two milliliters offsamﬁle solution although_theré
appears‘to be no reason why a cell with a much smeller capacity could not be
constructed. Additionally, surface phenomena are less troublesome since the
platinum sﬁrface embloyed-in this work is smaller than that of the three,

large surface, high-speed cells to which the rotated cell is compared below.

EXPERIMENTAL

‘ Instrumentation and Reagents. The digital.instrumentétion»used was described

in a.previouévpaper (2). A Beckman #39270 saturated ;glamel electrode was
used as reference. |

Stock 0.5M HC1~0.025M sulfamic acid, 0.5M HC1, and 1M acetate ﬁﬁrfer,
'pH b7 suppofting élecfrélyte solutions were prepared by dilution of reééent'
grade chemicéls. All water used was distilied. Stock édlutions ofﬂthe
electroactive Substahces were pfepared in the foildﬁing manner. A'weighéd
amount of gbld metal was dissolved in aqua regia and the excess aqga regia
dispiaced with hydrochloric acid. Sufficient sulfamic acid was added to give‘
é concenfratibn of 0.025M on final‘dilution of the stock Au(III) solutiog; A
weighed a@bunﬁ of irbn was dissolved in a mixture of hydrochloric acid and
hydrogeg perbxide, This sélution was evaporatedvtb a smallvvolume'fbbremove
excess HC1, and to destroy the excess peroxide, then made to volume with water.
Working solutions of théée stock solutions were'prepafed by dilution. A
stock solutidn of nitrite was prepared by dissolving a stiék of sodium nitrite
in vater. FA diluted working solution was standardized with‘avcoulsmetric

procedure (3).
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The high-purity nitrogen employed for sParging was described

previously (1).

Construction of the Platinum Cell and Plastic Holder. The platinum cell is

constructed from 5 mil foil and 52 mesh gauze as follows. A piece of foil is
‘cut to fit around a length of quartz tubing. The foil is taped at the ends
then butt welded withvan oxy—hydrogen torch; The seam in the resulting |
platinum tube is polished out with #600 emery paper, and a section of the
cylinder of the desired length is parted, employing a lathe. This section
becomes thevcell wall. The gauze (each wire is &4 mils in diameter) is rolled
and lapped then severally spot—welded employlng tungsten electrode tips, to
the 1nter10r wall of the cylinder. The gauze is three layers thick. Two
disks of the required diameter are punched from the foil and the disk edges
turned in a lathe’ with a forming tool to make lips. A hole is center punched.
in ohe disk which,serves as the cell top. The top and bottom disks are )
welded——lip_to cylinder with an‘ony%hydrogen torch,‘ The platinum cell isdnow
completed. The weight of the cell isfl3.l g. Drawings 2 through 5 at the
left of Figure 1 show an exploded view of the cell.

The plastic holder is machined, externally, to'fit.the copper turntable
described previously (l). Internally, it is machined to center and snugglyv
accommodate, dlameterwise the platinum cell The screw-cap top ser#es‘two
functions. it is a retainer for the cell and it forces the cell down against
‘a rubber pad platinum tab combination through which electrical contact is made
vto the turntable. "A" view of Figure 1 depicts a cross—section ofvthe,completed
gcell.and holder while "B" is a top viev.

A shop-copy blue~-print of Figure 1 will be sent upon request. -
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Analytical Procedures. The details of the analytical methods employed were

" obtained froﬁ the literature. The procedures used to.align the coaxial prgbe,
to transfe; the samplé solution to the cell, and to prepare the fumed%silica»
~salt bridges were described in earlier ﬁapers.(l,h).

EGold'is determined by electroreduction at 0.4L80 V vs. SCE in a
O.SM_HCI—0.02SM_sulfamic acid supporting electroiyté (5). Nitrogen_sparéing
is required. -Iron is quéntatively electroreduced at 0.300 V vs. SCE in 0.5 HC1
alone, after a 20 sec sfarging with nltrogen (5), and nitrife is qoulométricaliy
‘oxidized at 0.950 VE . SCE in the pH 4.7 acetate buffer medin (3). If the
'.normalizatioh'proéedure 1s used (1,2), set the rate meterv(2)_f6 términaté the
titrations at 10, 10, orh20.ng/sec‘levels for gold, iron, or niﬁrite;

respéctiVeiy,

| RESULTS AND DISCUSSTON
Cbntrolled-poténtiai cquiométry has long had basi¢ appealfto4anglysfs.
Analyses can usually be perfdrmed with high selectivity, accuracy,;ﬁrecision,
and sénsiﬁivity.' The médsuféd quéntities, time aﬁd Current,Aare‘fundamentally
definable and the method is absolute. Additionally; the sample is not
contaminated with titrant; generaily it can be completely recoveréd.fér other
tests or chemical applicatibﬁs. This is an impqrtanf-considerationSWhen
dealing_with rare or expensive sampies; i.e., transuranium e;ements_or°séparated
isotopeé. | | | |
| Desﬁite these advantages; coulometfy does not enjoy wide pbpﬁlarity

. because it is time consuming. For ex;mple, if the aliquoting fime and, if need,
ép@rging time is included in the titration time, only 3 to 6 analyses cén:be

made per hour in the well-designed Harrar cell (6) which the presented cell has
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now replacea in this laboratory. Couiometry then is eﬁployed.only in -
situations in which its ééieciivity, acéuracy, or frecisioh.is uniéuei&mohé
the available alternatives and the projected number_bfvanalyses, or in the case
of non—routine analysis, the value or natuﬁe of the sample is great enough to
Justify ghe time spent in‘adapting an existing method or developing é new one.
If this statement were not true, why then would one group of.workers‘find-it |
éttractive to reduce the titrétion time.ﬁhrough the use of an on—liﬁe digital
computer as recently as 1970 (7). |

In an attempt to ovércome_this time problem, two schools[of thoughﬁ

have appeared. One school prefers the calculational approach (2,7,8-11) which

~has culminated in the dévelopment of a very sophisticated instrument capable

of producing results rivaling those bbtéined with classical weight—volUmetric

or gravimetric énélysis in precision and with classical volumetric procedures

"in speed (7), The other'school has attempted to reduce the time factor, with

varying degrees of success, through improved cell design.

These efforts appear to have begun with Bard's work (12). By essentially

- filling the cell cavity with platinum gauze, he obtained electrolysis rate

constants somewhat comparsble to thoée obtained for the présented cell. He

reported 0.05 sec"l for the reduction of silver ion and 0.012 sec—l-for the

oxidation of hydrazine under the conditions of mass transfer. Sonic warming

of the solution titrated probably accounted for the slight increase in the rate

constants over those obtained using nitrogen stirring alone. The background

and capacitive currents, owing to the very large electrode surface-area, were

greater than those of other types, e.g., the Harrar cell (6). This may be the

reason why Bard's cell has not been widely used (13).
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The work of Goode and Herrington (1k4) tends'ﬁe confirm this author's
ccntent}on that Bard's use of ultrasonic stirring was ineffectual. in the |
titration of irdn(II),.employing an annularly shaped_blatinum gauze electrode
of high‘surface‘in conjunction with'magnetic sﬁirriné, they obtained a.log i-
timevplot of slope 0.052 secﬁl. _ |
} An initial slope steeper than the final slope.was reporﬁed for both
cells and had a value ranging from O.l'to 0.3 sec—l. Sihce the familaf
Lingane equation (15,16) 1s used to describe a log i~time curve in_which'the-.
"reaction rate is limited only by the rate of mass transfer of the electreective
' species to the working electrode, it appears that this equatien,does not-apply
to the steeper initiai siope for feasons givenbbelow. This 1nit1al slope has,
however, been used as & figure of merit (13). This is mlsleadlng

The third high speed cell that of Johansson (18), requires separate
discussion. Cell k, upon which most of his results were based, was. constructed

in such a ﬁay as to insure that the control—potential was exceeded over most

of the working electrode surface because the reference electrode was placed

in a region of minimum current flow. See Figures 4, 6, and 7 of Reference (17).

Figure 3 of.this author's previous work (1) shows the log i-time behavier for

a cell in'which the contrcl—potential is initielly exceeded. Thebinitial.slope
of the curve is much’greater than the final major portion, which was under
proper pbtentiel-conffol. If, instead of the parallel combination proee used,
two separate prebes, i.e., en auxiliery and a reference bfidge, had. been
employed and had been separated by 180°, the control—pctentiél, in analogy to

vthe,Johansson.cell, wouid_have been exceeded during essentially the entire

titration. Depending upon the concentration of the electroactive species, rate
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constants as high as 0.8 sec_l would be obtained and»tne slope of'the.log i-
time curve ﬁoﬁld be quite linear. The backéround correction would elso be a
function of the concentration of the electroactive snbstance, decreasing'as
the concentretion decreases, 'Precision coulometry under these conditions ls
obviously not possible. ~In view of the foregoing, it does not seem reasonable
that Johenssen's reported constants of from.O.lo to 0.18 sec—l.should be used
to justify_a'claim to having the'fastest cell. |

‘_From the design standpoint, his cell 3 is somewhat better-than cell b
yielding constants of from 0.0l to 0.026 sec T, Such constants are sufficiently
realistic for e properly designed cell which has the area to volune ratio
described 1n his investigatlons.

These reported steeper initial slopes could be due to three different

'effects or comblnatlons thereof not related to the phenomenon of mass transfer.
They could be, as Bard states, due to_ﬁelectrolysis of'material—-w1th1n the
-diffusion layer" (12), or to surface phenomena which include redox of material

: adsorbed on the platlnum surface or to the exceedlng of the control-potentlal

through faulty cell design (17_ thus permlttlng development of deleterious
potential gradients across the cell.
To some extent, depending upon the electrode surface-area, the nature

of the sample, and the oxidation potential employed, the log i~time curve

obtained with any platinum coulometry cell can be affected by the first two -

effects. Goode and Herrington found it advantageous, in the titration of

plutonium,"to use a gold working-electrode for which the surface phenomens are

,less pronounced

Judglng from the drawings, both of the above cells (12,14) probably suffer to

.varying degrees from the third effect, i.e., the exceeding of the control
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potential. This insidious efféct makes its presence known in thé following
ways. The cell's selectivity in the determination of élosely adjacent fedox
couples could be impared, yielding a positive error which would increase with
increaéing.conéehtration of the first couple detérmined, i.e., the most easily
oxidiéable of reducible substance, if the second couple is irreversible. Such
redox couplés could inclﬁde two or more. substances of analyticalbconcern as
aboVe, or it could be a single couple whose redox potehtial is near the
.decomposition potential of the supporting eleéprélyte or solvent._vThe'bagk-
ground éorréctioh then is notveasilyvobtained since its value depends uppﬁ the
- concentration of the_electroacﬁive substance determined. it ceftainly’céh nbtv
be measured by'making'a blank titfation sihce'the deleterious potential.gradients
are absent éﬁ the‘very smallvbackground current levels encounteredvin>such-a |
titration. Good results can, howe?er, be obtained in cells of marginal design
if‘the control?potential reQuired for a single substance is well:withih fhe
" operating rénge of the eleétrode—materialiand not near the decompdsition.v
poténtial‘of the solvent or suPpérﬁing electrolyte. In light of the féregéing,
the Hﬁrrar-Shain article'(17), and the discﬁssion beloﬁ,_it might be of inﬁerest
to re-examine fhe g_vélue~obtained for the oxidation of hydrazine (12) employing
proper placément of the referehce electrode. 7 |
kThe ébove remarks are in no way meant to fault the aﬁthors of their

efforts (12,14,18). Their works are senior to the papers (1,17) which form
the basis upon which these criticisms stand.

| From tﬁe foregoing, it is apparent that if further reduqtion>ihvthe:
15 to 20 min. electrolysis fime is to be realized, some conceptual aepaffure

must be made from the conventional designs in such a way that thé_électrode_

7
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ares té solutibn volume ratio isyincreaséd, but not ét'the expense of increasing
the backgrouhd éurrent, or surface phenomena. | | |

Such desirable qualities are obtained readily with the fotated
platinum éell. The fundamentai consideration and practical limitations under-
lying this development are the same as for the rotated mercury cell (1). The
platinum surfacé—afea is no éreater than that éf a well designed conventional
éell (cf. Rgference (3,6)5; however, the sample solution-volume requiréd is
aboﬁt one tenth. The electrolysis rate conétants are about ten times those
calculated for.the conventional céll owing in pért to the very efficienﬁ‘
stirring action’provided by the contacting éf the rotétéd'solution witﬁ the
stationary coaxial prdbe. Alsé, the background correction is reduced by almost
a factor of ten, provided the current is not initially limited.

The three chémical-systeﬂs selected tb test this new cell were the
electroreduction of Au(III) and‘Fe(III), and fhe electrooxidation of nitrite.

They were choosen because: they represent a sampling of different electrolysis

rates, ranging from fast (Au III) to moderately slow (nitrite); they involve

different kinds of electrode reactioﬁs——ion—ion, and ion-metal; and aiso; they
illustrate problems peculiar to the rotated platinum cell. |

| The electrolysis rate constants calculated (11) for Au(III), Fe(III),
and nitrite are 0.13, 0.082,_and 0.064 sec—l, respecfively{ Theée rate

constants, as qualified in the preceding discussion, are probably the highest

‘evef aettained with a platinum cell. In comparison, constants of 0.0lL4 and

0.005 sec™t are found for Au(III) and for nitrite in a conventional cell (3,5,6).

'_These’selected chemical systems are diffusionally controlled because the rate

constants respond to geometrical cell changes. Only small changes in the

electrolysis constants would be anticipated for a kinetically controlled

"systém (7,19,20).
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The electrolysis time is sensitive to sampie eolution‘volume changes..
See Figure 2._}The electrolysis constent for a 5 ml'sample ie.no larger theh
- that obtained ﬁith a conventional cell (3,6). A 2 ml sample volume‘wes selected
for this cell becauee the rete consfants are high, and this volume ie
eonvehient._ A£tempfs to contact a much smaller volume can resﬁlt in the
écraping of the_platinum gauze against the counter electrode-reference probe.

The log:iftime curves for Fe(III) and Au(III)"were simiiareteueurve (a)
for nitrite.iﬁ'Figure'2. 'The'eurve-ie iﬁitialiy'non—linear because of the eell's
current llmitlng behavior and flnally non—linear because of the 1ncreas1ngly
greater contrlbutlon of the background current to the gross current. The same
analysis applies to curve (b). The cell current was not initially limited in
the case of:Curve‘(C). The higher initial slope ie'due'to surfaee éhenOmena.
This behavior can'also be observed for nitrite in coﬁventional cells:under
" non~current iimiting conditions. Fer other examples see Reference (7),-Figures
6 and 9. | | | |

The oxidation of nitrite iiiustrates a érqﬁlem peculiar to the rotated
cell. Nitrous acid is volatile and can be lost from aqueous solutions. Harrer
found no losses of nitrite from his eell in pH 4.7 buffer for e period ofloﬁe
hour and a precision of 0.1% was obtained (3). The highest concentration level
encountered iﬁ his cell was 4 mg nitrite in 25 ml of solution; _The precision
“and accuracy obtained with the rotated cell, however, was much poorer at.high_
concentration levels, owing to serious_iosses of nitrous acid. See Table I.
This 1s due to the high air-solution contact area and to the high air tur?ulances
in the preseht cell which do not exist in‘conventional cel;e;; Thet these

-losses are due to volatilization was confirmed in an experiment in which the o

L 4
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rotated solutidn containing 3.8 mg of nitrite in 2 ml was sparged with

nitrogen for 10 min. prior to the titration. Less than 2.6 mg were found as
opposed to 3.1 mg when the titration vas commenced immediately after aliquoting.
These losses were compounded by the fact that the cell-current was limited for

several minutes at 750 UA at this concéntration level. 1In view of this finding,

‘the rotated cell in its present form should not be used conjuncﬁively with

volatile substances.

The titration of Au(III) illustrated another, but much lesé serious
probiem. It was obser&ed_that_variations in the.background cﬁrrent existed
and were eventually related to variations in the draft velocity in the h@od
work-area in which the titration results shown in Table I were obtained.
Although oxygeh is irreveréibly reduced over a wide potentiel range, reduction
at +0.480 V vs. SCE was unexpected. In fact, the method employed states that
oxygen removal is unnecessary (5). Sparging thé céll with nitrogen; however,
eliminaﬁed thgée variations and reduced the béckground‘cﬁrrent rate by at least
10 ngiAu(IiI)/sec.‘:This'obsérvation may leéd‘to devélopﬁént of a new kind of

air pollution monitor. vNitrogeh sparging . is not harmful to methods amenable

'to the rotated cell and 1s therefore recommended. The current limiting level

" for both Au(III) and Fe(III) is 900 MA. The iron results are also shown in

Table I.

Thé resulfsvforvthekémaliest sanples titrated presented in Table}I'
éxhibit positivé bias. The manual, digitalﬁndrmalizatioﬁ procedure'(l,2), whigh
femoves a constant number of counts ffom each memory channel, is nof entifely 7
satisfactory for nofmalizing very small samples. Much better resulté cen be
dbfaihed uéing a FORTRAN program which treats the titration data as the sum

of two exponentials. This program will be reported in the hear future.
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The ?urfent hoise.fof.this rotated cell is épmeﬁhat higher than.for a
conventiohal cell., This noise is tréceable to the éccentricit& of thé_present:'
.céll which results in a cyélic time veriation in thé wofking tb referencé
electrode aisfancg‘and thus appears as a periodic 30 Hz signal. See.the dimentionsg
.vgiven in Figure 1. Other noise of higher frequency but of lessér intensity |
is due to smali,dents in the éylinder wall>resuiting from the 3pot-weldiﬁg
opergtidn. Current noisé is obJectionéble because it results in some scéttering
of -data points upéﬁ digital normaliéatibn of the stéred'log iftime éurve; ‘This
demonstration'cell will be replaced with one from a commericai soufce and will
bé constructed to rigid dimentional specifications. Consfruétioh of:avgold
and a silvefvceli.isvalso plénned, but no report on‘these iévbeing considered. !
'The characteristics of these cells should be simiiar to thosé_givén above fof
platinumf | | |

"In cénclusion, a qeil having rapid sparging behavior, loﬁlsampie V6lume
re@uirements‘and yielding>short.electrolySis times has»beeﬁ constructéd.f It
éhould promofé the use.of édntrolled—potential couiométr& for non-routine
' analysis and. spur- the development of new methods. further; systeﬁS'ihVOlving
holecularly bulky organic complexing agents, which in the past have beenﬁ
avoided because of the reduction of the diffusion coefficient and hence
prolongation of the titration, should now yiéld methodsvof reasonable ,'.
titration.times; A one‘houf titration in a conventionél cell could pfdbably W

be trimmed to 6 minutes in the rotated cell. Although the titration times

=

presented, assuming the current is not initially limited, are very‘short—~12 _
runs, including aliquoting, sparging, if necessary, and cell cleaning, can

easily bebmgde per hour--some further reduction in'electrolysis times may be
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.made possible:through the application of magnetically induéed sonic stirring,

although not at the 1 MHz frequency employed previously (12). The extent of

this. time reduction is apt to be much more dramatic for the meréury working

electrode than for platinum.
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Table I. Reproducibility

a3t ug)

| re3t (ug) NO;(ug)
Added Found Av. Dev, Added Found Av. Dev. »lAdded Found - Av. Dev,
1o3é 1 1029.8 0.k 761  759.0 0.3 3882 310k T
516 51L4.8 0.2 380 © 379.0 0.4 1294 1283.6 1.3
258 257.5 0.2 76 7.2 0.2 6hT 648.2 0.8
| 517 514.9 0.5
- 326 323.7 0.3
129  128.8 0.2
65 66.7 0.1
*All results obtained by normalization (1). .
&
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FIGURE CAPTIONS
Fig. 1. Exploded, Top, 'and. Cross-Sectional Views,of thé Platingm,Cell and
flastic-Holder.' } | |
Fig; 2. .Effégﬁlof Volume on the Electrolysis Rate
| ::GhT ug nitrite in: A. 2, B. 3, and C. 5 ml of IM acetate buffer,
| pH h.7. Rate.conétants for curves A, B,:and C are 0.06k, 0;023,‘

and 0.005 sec-l, resPective;y.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
‘any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, comp]etgness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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