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Abstract

——_§\72> The deposition and stripping behavior of silver sulfide films at
the silver rotating disc electrode were investigated. The effect of
various factors - rotation rate, scan rate, deposition potential and
time, and concentration of sulfide ion - on the stripping peak current
and potential were studied. The electrode has been found to be an
excellent electrode for cathodic stripping voltammetry for the determina-
tion of submicro amount of sulfide ion. Furthermore, differential pulse
voltammetry significantly enhanced the signal/noise ratio, and a linear

. P
response was obtained over the concentration range ('IO'8 - ‘jO 5) mol /et dam

ar® of sulfide fon in 0.2 mol(dn> NaOH. .
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We wish to describe a procedure for trace determination of sulfide
ion in solution based upon the cathodic stripping of electrodeposited
Agzs. This procedure evolved from studies of the formation of silver
sulfide upon anodization of a silver electrode in sulfide containing
solutions and the properties of the electrodeposited silver sulfide
films at silver rotating disc electrodes (RDE) (1,2).

Although anodic stripping voltammetry (ASV) is a well established
technique for the determination of trace levels of metal ions in solu-
tion, the equivalent method for the determination of anions by cathodic
stripping voltammetry (CSV) is less established. Most of the reported
application of CSV for anions which form sparingly soluble compounds
with the electrode have been carried out at hanging mercury drop or
mercury pool electrodes. The determination of trace quantities of
halide (3 - 5), sulfide (6 - 11), cyanide (12), cyanoferrate (II) and
(II1) (13) and selenide ions (14 - 15), and various thiols (16 - 21) by
deposition of their insoluble mercury salts has been reported. Several
extensive reviews (22 - 24) covering stripping analysis have appeared
and the reviews by Brainina have extensive sections on CSV.

Trace amounts of iodide were determined by CSV by Shain and Perone
(25) as early as 1961. Although they used a silver electrode, it
appears that 1ittle work with this electrode for CSV has been performed
since.

To increase the efficiency of the deposition step, the solution
containing the analyte is usually vigorously stirred during deposition
(ASV) or film formation (CSV). The stripping (ASV) step is usually

carried out from a quiescent solution since stirring perturbs the
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? mercury drop or pool electrode (26). Since the rotating electrode
hydrodynamics are very well defined, increasing use has been made

of thin-film mercury electrodes on rotating glassy carbon substrates.

However, there is a significant lack of literature on the use of an
RDE for anion determinations employing CSV.

This paper reports on the deposition and stripping of siiver sulfide
films at a silver RDE and describes a procedure for the determination
of submicro levels of sulfide. Linear potential scan or differential
pulse voltammetry is employed during the reduction step stripping the

A925 from the electrode surface.
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EXPERIMENTAL

Analytical grade sodium sulfide (Na S-9H20, Mallinckrodt Inc.) and

2
sodium hydroxide (Fisher Scientific Co. reagent grade or ultrapure,
(NaOH-HZO, Alfa Products), were used.

Solutions were prepared with water purified using a Milli -Q
Purification system. Standardization of sodium sulfide in a stock

340 1.0 mol dm™>

solution approximately 0.6 mol dm” NaOH was performed
jodometrically (22,23). Calibration curves were prepared by plotting
the anodic 1imiting current fcr silver sulfide deposition vs the con-
centration of sodium sulfide; a silver RDE rotating at 2500 rpm was
employed. The concentration of sodium sulfide in the stock solution
was occasionally redeterminated employing the calibration curve.

The silver disk electrode, electrode assembly, electrolysis cell,
and the rotator used in this study will be described elsewhere (1),
but are essentially of standard configuration. The geometrical area of
the electrode surface was 0.462 cmz.

A Stripping Voltammeter, model EC 220 (IBM Instrument Systems) was
employed for the constant potential electrolysis, linear potential scan
and differential pulse voltammetry. An Omnigraph Model 2000 XY -
Recorder (Houston Instrument Co.) was used to record the voltammograms.

The cell was thermostatted and all experiments run at (25 + 0.2)

°C. Potentials are reported with respect to a saturated calomel

electrode (SCE).
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The electrode surface was polished prior to immersion in the
electrolytic solution with 0.3 um alumina (Dry Powder, Type A, Fisher ;
Scientific Co.) on a polishing cloth (Fisher polishing cloth, 12 - 28, ‘
2B). Polishing was not necessary before each measurement and ten or
more experiments without polishing gave highly reproducible stripping
voltammograms.

The solution to be analyzed was deaerated by bubbling with argon
passed through acidic vanadium (II) solution and water. The sodium

sulfide solution was added to the background solution with a 5 x 1072

3

dm” Eppendorff pipet.

The electrode surface was first conditioned at a constant potential

of - 1.20 V with rotation until a constant currrent (210 pA) was obtained.
The potential was then stepped to the deposition potential; the electrode
was rotated during the deposition of the silver sulfide. The deposition
time was controlled with an electrical timer within the voltammeter.
During the deposition and stripping processes the solution was covered
by an argon purge. The deposition potential was - 0.4 V in all ex-
periments unless otherwise stated.

The deposited films were cathodically stripped by means of linear
potential scan or differential pulse voltammetry; in some experiments
the silver electrode was rotated during stripping. Cathodic stripping
was initiated from the deposition potential without a rest time. The
area under the peak for the linear potential scan, which is proportional
to the quantity of electricity consumed during the stripping step, was

determined by weighing the recorder paper or by a planimeter.
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Fig. 1 shows a typical RDE voltammogram for sulfide ion in 0.2 mol
dm'3 sodium hydroxide colution at a silver RDE. The major features are
an oxidation step (gq/z = -0.71 V) corresponding to the process

2ag" + 2

—— Ag,S + 2e” (1)
as described previously (2), and a sharp single reduction peak
(Ep = -0.91 V) for the reverse process during the cathodic scan. The
1imiting current for the oxidation wave shown is convective diffusion
controlled in sulfide ions (1).

Prior results indicated that the behavior of the limiting current
at the silver RDE 1) is convection diffusion controlled, as indicated by
adherence to tre Levich equation and 2) is constant for a given period
of time followed by the onset of a decrease in the RDE 1imiting current.
The anodic limiting current during the period of current invariance is
proportional to the concentration of sulfide in solution. The point at
which the current starts to decrease depends on the quantity of electricity
passed, hence the amount of silver sulfide deposited on the electrode
surface (1,2). Thus, provided that the total quantity of electricity
passed is kept less than this critical amount, QT, the deposition process
is well defined, and the amount of silver sulfide deposited depends on

the sulfide concentration, time of deposition, and rotation rate of the

electrode. The detailed behavior alluded to here is described elsewhere

(1). A1l work reported here corresponds to amounts of silver sulfide




deposited such that ga, the quantity of electricity passed during anodic
deposition, was less than QT.

We have previously shown (1) that the quantity of electricity
required to form Agzs (Qﬁ) is the same as that for the cathodic stripping
of silver sulfide (QC), i.e.,

Qa = Qc (2)
The results indicate 1) anodically deposited silver sulfide at silver
electrodes does not dissolve chemically, 2) is not removed mechanically
during deposition and 3) deposits are completely stripped during the
cathodic scan. Hence, it is possible to determine the ga value that can
not be directly determined experimentally at low concentrations of
sulfide ion from the gc value obtained during the cathodic stripping
process.

The potential at which the AgZS forms at the RDE is dependent on
the concentration of sulfide in solution, shifting anodically as the
concentration of sulfide decreases (2). Since the curves are not
reversible, depending on the kinetics and mechanism of film formation,
the optimum deposition potential was experimentally determined. Figure
2 shows the peak current obtained during a Tinear potential scan strip-

7 mo1l dm'3 sulfide solution as a

ping voltammogram for a 3.0 x 10~
function of electrode putential during the film formation step. Based

on this, a potential of -0.4 V was employed for Agzs deposition. In
effect, this corresponds to a potential well onto the diffusion plateau
of the sulfide wave (see Figure 1) at the lowest concentration of sulfide

employed.
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By selecting the deposition potential at the limiting current
region (- 0.4 V), the anodic current during film formation should follow
the Levich equation. Thus, the quantity of electricity required for the
formation of silver sulfide films during anodic depolarization of the

silver electrode by sulfide ion is given as:

% "Lt (3)

where
4n

2/3 -1/6@”2

I,=6.2x10'nFADY v < (8)

24
ld is the limiting current for anodic dissolution of the silver RDE in
the presence of suifide, [ is the analytical concentration of sulfide
in mol dm'3, Ld is the deposition time, and other variables have their

usual meaning. From egns. (2), (3) and (4), the quantity of electricity

resulting from a cathodic scan should be directly proportional to Co»

1/2
Ly and w ",
Typical stripping voltammograms for the reduction of AgZS films
formed from sulfide concentrations in the range 1078 - 1077 mol dn™3 are

shown in Figure 3. Plots of the quantity of electricity under the
stripping voltammograms, Qc’ against the concentration of sulfide, (I
were linear, with a slight difference in siope depending on the scan

rate employed. This is a result of the time spent, once the cathodic
scan is initated, at potentials where AgZS still forms on the electrode
surface. gc is proportional to the concentration of sulfide in solution,
and linearity at the scan rates employed (20-50 mV s']) is excellent.

The gc-gs plot, however, does not pass thru the orjgin, but has an




intercept on the [ axis. This could be the result of trace heavy metal
impurity or an inability to remove some of the Ang. However, the
former explanation is preferred, since use of "ultrapure" sodium hydroxide
considerably decreased this "blank".

As expected, gc was linear with deposition time. At 3.0 and 6.0 x

-7 mol dm'3 of sodium sulfide, the slopes of the td—gc plots were

7

10

A and 1.24 x 10'7A, respectively, for a rotation rate of 2500

rpm, a deposition potential of -0.4 V, and a scan rate of 50 mV s’}.

30

5.85 x 10°

The effect of rotation rate on gc at 9.45 x 10'7 mol dm > of

sulfide ion was also examined. A plot of gc - w]/ZEd was Tlinear over

the range of 400 rpm to 4900 rpm as expected from eqn. (3) and (4) with

a slope of 1.03 x 107 & s)/2. The mean diffusion coefficient, D, for
HS™ and $2” obtained from the slopes of Q_ - 3]/23d plots and ean. (3)
was 2.79 x 10'5 cm2 s_l. The value is in good agreement with a value of

-1 obtained from the diffusion Timited current of

2.64 x 1072 cm? s
sulfide deposition at the silver RDE. It is clear that even in such
dilute solution of sulfide ion the Levich equation is obeyed at the
deposition potential of -0.4 V.

Brainina (23) has given a theoretical treatment for the particular
case of irreversible cathodic film dissolution of the type MAn + ne -
M + nA” in which the anion (A”) has a single charge, but no theoretical
treatment has been given for MnA + ne” > nM + A" such as the silver

sulfide system. Hence, we examined experimentally the effect of gc and

scan rate (v) on peak current (lp) and peak potential (gp).




Linear scan stripping voltammograms from a stationary or rotating
(400-3600 rpm) electrode on which had been deposited the same amount of
silver sulfide film were identical. This suggests that the cathodic
stripping process of the silver sulfide film is not controllied by diffusion
of sulfide ions from the electrode surface to the bulk but by other
kinetics, and that the overall process for the stripping is irreversible.
Electrode rotation should exert no effect on peak current in the case of
irreversible systems. This behavior ha: also proposed as a diagnostic
test of the reversibility of the electrooxidation of metal films from
the surface of inert electrodes (29).

a) Peak_current

The relationship between lp and QC was examined by varying [ for

fixed values of Ed and w during the film-formation step and for given
values of v during the linear scan stripping step. lp was directly

proportional to Qc up to ca 10-3C and then gradually deviated from

1 1

linearity. The values of the siopes at v of 50 mV s~ ' and 20 mV s~
were tabulated in Table 1.

Fig. 4 shows the linear relationship between lp and v for various

amounts of AgZS deposited. Data for curves a and ¢ in Fig. 4 were
obtained by changing Ed at constant Sy while that for b and d were
obtained by changing [N at a fixed Ed'

The experimental results indicated that 1p was directly propor-
tional to ga and to v; values of the proportionality constant are
J tabulated in Table 1 and lead to the following empirical expression,

(1/A) = -13.7 (Q/C)(w/V s (5)
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While a theoretical basis for this equation has not been formulated, the

similarity to that for thin layer electrochemistry cannot be ignored.
For linear scan ASY it has been shown that a similar relationship with a
proportionality constant of 11.7 v s valid (30,31).

The effect of Qc and v on the peak potential was alsc examined. At
a given scan rate, the neak potential depends linearly on the logarithm
of the quantity of electricity, which is proportional to the amount of
deposit on the electrode (see Figure 3). Even under various deposition
conditions chosen by changing Ed’ w, and [ the relationship above is
still valid. Thus, the peak potential depends on Ed’ w and [ only
through ga.

The peak potential of the stripping peak was also linearly dependent
on the log of the scan rate, v, at fixed Q.

The peak potential could be related to gc and v by the following

empirical relation,

- -1
E, = aln(Q./C) + bin(v/V s™7) + ¢ (6)
where a, b and ¢ are constants which were obtained experimentally as
0.028 Vv, 0.027 V and 1.026 V respectively. It appears that the constants

a and b are identical only that Ep = gjn(gc!/A V) + k'

The effects of various parameters described above demonstrate that

cathodic stripping voltammetry at the silver RDE may be used for the

determination of trace amounts of sulfide ion. It is highly desirable
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for a stripping determination that the peak current be directly propor-
tional to the concentration of the sulfide, which requires the deposi-
tion of a suitable amount of silver sulfide on the electrode. Widely
varying concentrations of sulfide may be determined by changing the
deposition time and rotation rate since the linear relationship between
peak current and sulfide ion concentration can only be obtained in a
certain region corresponding to a given amount of silver sulfide (quantity
of electricity) at a given electrode surface area. Increasing gc to

more than ca. 10'3 C results in the peak current deviating from linearity.

By decreasing Ed or w to a region where Q

Q. is proportional to lp, a

Tinear dependence should be obtained. However, for very small values of
Qc there may also be nonlinearity of gc on lp because of the difference
in activity of the deposited films due to a decrease in film thickness.
In fact, lp deviated slightly from linearity when gc was smaller than
ca. 1074 c.

Experimentally, it appears that the optimum value of gc per unit
electrode surface area is from 2 x 1077 C em™2 to 2 x 1073 ¢ cm™®. Even
if the deposition is carried out under different experimental conditions
of deposition time or rotation rate, we were able to use a normalized
calibration curve of lp / (;d gg/z) VS C.. Thus, it is possible to
determine a wide range of sulfide ion concentrations by choosing suitable
deposition times and rotation rates. In some instances, it is both
useful and necessary to identify and quantitate an anion from a
combination of experimental and theoretical results, rather than
employing a calibration curve. The use of the silver RDE for sulfide

analysis permits such a procedure. Comparison of sulfide jon concentrations




-13-

experimentally determined and those calculated from employing the
linearity demonstrated between Qc and the various deposition parameters

(eqns. (2), (3) and (4)), using a value of D of 2.64 x 107° el s']

were tabulated in Table II.

The effect of peak current on scan rate suggests that increasing j
the scan rate has little advantage because both signal and noise in the
stripping voltammogram are directly proportional to the scan rate. Scan

1 1

rates of 20 mV s°' — 50 mV s~ are recommended.

In order to increase the sensitivity by suppression of the residual
current, a differential pulse technique was used as a monitor of cathodic
stripping. Fig. 5 shows typical differential pulse stripping voltammograms

6 _ 10-7) mo1 dn™3 of NaZS. For concentration of

in the range of (10~
NaZS less than 107/ mol dm™> ultrapure sodium hydroxode (NaOH-HZO) was
used as the supporting electrolyte. The peak current obtained in the
differential pulse mode was directly proportional to g when suitable
values of gc were chosen. Increasing Qc beyond a certain value (ca.

5 x 1079\ resulted in the differential pulse peak current vs ¢ plot
deviating from linearity (Table III). This deviation took place at
Tower gc values for differential pulse stripping than for linear
potential scan strippinc. If the rotation of the electrode during the
stripping step is stopped, the differential pulse mode peak current
increased in contrast to the independence of the peak current with
rotation rate in linear scan stripping. The residual current in the

differential pulse mode also increased for stripping at a stationary

electrode compared tc the rotating electrode. Thus cessation of

<
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electrode rotation does not enhance the sensitivity for analysis (Table
Iv).

The detection limits by linear potential scen and differential
pulse stripping for sulfide jon under the same deposition conditions are
compared in Table IV. From the results, it is clear that differential
pulse stripping enhances the analytical sensitivity for sulfide ion
about three times compared to linear potential scan stripping.

The application of a silver RDE in CSV permits sulfide to be deter-
8 5) mol dm™>. The determination of other

mined in the range of (107 °-10"

anions which form sparingly soluble compounds with silver ion should be

possible at the silver RDE.
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Figure Captions

Fig. 1. A typical cyclic voltammogram for sulfide ion at the silver

RDE

5 mol dm™3 of Na,$ in 0.20 mol

1

Solution: 8.52 x 10~

3

dm™” of NaOH, w = 2500 rpm, v = 25 mV s~ ', the potential

was scanned from -1.20 V positive.

Fig. 2. Effect of deposition potential on peak current of cathodic

stripping voltammogram

7 3 ;S in 0.20 mol dm™3
1

of NaOH, t, = 620 s, w = 2500 rpm, v = 50 mV s~ .

Solution: 3.0 x 107" mol dm ~ of Na

Fig. 3. Cathodic stripping voltammograms for sulfide jon with silver

RDE

Concentration of NaZS: (a) 1.0, (b) 2.0, (c) 3.0,

(d) 4.0, (e) 5.0, (f) 6.0, (g) 7.0, (h) 8.0, (i) 9.0, (j) 10.0, g
7 3

in 0.2 mol dn™> of NaOH. E,
620 s, w = 2500 rpm, v = 50 mV 5" ).

= -0.40 V,

(k) 0 x 107" mol dm™

ty

Fig. 4. Dependence of peak current on scan rate

Solutions: (@) and (@) 10°%, () 1.2 x 10°®, (0) 0.6 x 1078

mol dm'3 of NaZS in 0.20 mol dm'3 of NaOH.
Eg=-0.40V, tg; (w) 260 s, (@), (@) and (O) 140 s, w = 2500

rpm.
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Typical differential stripping voltammograms for sulfide ion
with silver RDE
Concentration of NaZS: (a) 1.0, (b) 2.0, (c) 3.0, (d) 4.0,

(e) 5.0, (f) 6.0, (g) 7.0, (h) 8.0, (i) 9.0, (j) 10.0,

(k) 0 x 107 mol dm™3 in 0.2 mol dm™> NaOH.
1

Eq=-0.40V, t, =620 s, w= 2500 rpm, v = 10 mV s ',
repetition rate = 0.4 s, pulse height = 40 mV, pulse width =

50 ms, pulse delay = 33.3 ms, sampling time = 16.6 ms.
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Table I. The experimental constant of Eqn. (5)

-1 -1 -1
-(lp / gc) /s v/ ms -(lp /0. v) /v
0.270+0.011 20 13,5
0.690+0.008 50 13.8
-3 -4
-(Lp /vy /(1077 ¢/ V) 9. /w0 ¢
1.9040.03 1.40 13.6
4.00+0.07 2.95 13.6
2.95+0.09 2.20 13.5 _
5.75+0. 10 4.09 14.1 f
av. 13.740.2

The values of a) and b) were obtained from the slopes of experiments

reported in the text (Es = (10'6 - 10'7) mo1 dm'3, tq = 620 S, w = 2500

rpm) and (c), d), e) and f) were obtained from the slopes

of data presented in Fig. 4.




)a with that calculated

Table II. Comparison of analytical concentration (

(Es)c from Qc‘

[

(c),/107 mot an™® g 10t ¢ 108 s w10’ rpm (cg)./(eg),
0.70 0.74 6.20 2.50 1.00
2.00 2.12 6.20 2.50 1.00
3.30 3.7 6.20 2.50 1.06
4.60 4.95 6.20 2.50 1.01
5.90 6.48 6.20 2.50 1.04
7.20 7.75 6.20 2.50 1.02
8.50 9.36 6.20 2.50 1.04
9.45 2.36 1.40 2.50 1.04
9.45 2.92 1.40 3.60 1.08
9.45 3.46 1.40 4.90 1.09
9.45 5.19 3.80 1.60 1.06
7 9.45 6.43 3.80 2.50 1.05
| 9.45 7.78 3.80 3.60 1.05
9.45 4.22 6.20 0.40 1.05
9.45 8.63 6.20 1.60 1.07
9.45 13.14 6.20 3.60 1.09
E = -0.40 V, v = 50 mV s™' concentration of NaOH = 0.2 mol dn”>
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Table III. (lp/gs td) values for different ¢g and t, values in differential

pulse mode.
/1078 no1 an”3 10ta g0t s (/e ty)/ns™ o1 dm
0.90 0.060 1.22 0.546
2.10 0.14 1.22 0.546
3.30 0.215 1.22 0.534
4.50 0.300 1.22 0.546
5.70 0.385 1.22 0.554
16.0 0.550 0.620 0.554
36.0 1.23 0.620 0.551
56.0 1.89 0.620 0.544
76.0 2.50 0.620 0.531
96.0 3.00 0.620 0.504
196 1.45 0.140 0.528
396 2.65 0.140 0.478
596 3.65 0.140 0.437
796 4.47 0.140 0.401
996 5.32 0.140 0.382
For
ExcepE\NaZS concentrations, all other experimental conditions are same as

that in the caption of Fig. 5.
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Table IV. Comparison of calculated analytical limit for linear potential

scan and differential pulse stripping.

Stripping step < / 10'8 mo}l dm'3
w / rpm Linear potential scan Differential pulse
0 1.9 2.8
2500 1.9 0.73

Limits were calculated from stripping voltammograms obtained

under the Tollowing deposition conditions.

(Eg = -0.4V, 1 =620s, c = 6.0 x 1077 mol dn™>, w =
2500 rpm)

The limiting concentration (gq) is the concentration of sulfide

at which the peak current is equal to the residual current at

the peak potential.
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Brief

A rotating silver disc electrode has been employed for the determina-
tion of sulfide ion in solution by cathodic stripping voltammetry.

Parameters affecting the procedure have been investigated.




SP472-3/Al

TECHNICAL REPORT DISTRIBUTION LIST, GEN

0ffice of Naval Research
Attn: Code 472

800 North Quincy Street
Arlington, Virginia 22217

ONR Branch Office
Attn: Dr. George Sandoz
536 S. Clark Street
Chicago, Illinois 60605
ONR Ares Cifice
Attn: Scientific Dept.
715 Broadway
Yew York, New York 10003
CXT Western Regional Office
1030 East Green Street
Pasadena, California 91106
ONE Eastern/Central Regzional Office
Attn: Dr. L. l. Peeblec
Building 114, Section D
666 Sunmer Street
Boston, Massachusetts 02210
Director, kaval Research Laboratory
Attn: Code 5100
washington, D.C. 20390
The Assistant Secretary
of the Yavy (RE&S)
Department of the Navy
Room 4E736, Pentagon
vashington, D.C. 20350

Commander, Naval Afir 3ystems Command
Attn: Code 310C (H. Rosenwasser)
Department of the Navy

wWashington, D.C. 20360

Defease Technical Information Center
Building 5, Cameron Station
Alexandria, Virginia 22314

Dr. Fred Saalfeld
Chemistry Division, Code 6100
Naval Research Laboratory

Washington, D.C.

20375

No.

CoSTés

2

12

472:GAN:716:ddc
78u472-608
§2.
Copies
U.S. Army Research Office
Attn: CRD-AA-IP
P.0. Box 1211
Research Triangle Park, N.C. 27709 1
Naval Ocean Systems Center
Attn: Mr. Joe McCartney
San Diego, California 92152 1
Naval Weapons Center
Attn: Dr. A. B. Anmster,
Chemistry Division
China Lake, California 93555 1

Naval Civil Engineering Laboratory
Attn: Dr. R. W. Drisko
Port Hueneme, California 93401

Department of Physics & Chemistry
Naval Postgraduate School
Monterey, California 93940

Dr. A. L. Slafkosky

Scientific Advisor

Commandant of the Marine Corps
(Code RD-1)

Washington, D.C. 20380

Office of Naval Research

Attn: Dr. Richard S. Miller

800 N. Quincy Street

Arlington, Virginia 22217

Naval Ship Research and Development
Center

Attn: Dr. G. Bosmajian, Applied
Chemistry Division

Annapolis, Maryland 21401

Naval Ocean Systems Center

Attn: Dr. S. Yamamoto, Marine
Sciences Division

San Diego, California 91232

Mr. John Boyle

Materials Branch

Naval Ship Engineering Center
Philadelphia, Pennsylvania 19112




‘

SP472-3/A3 472:GAN:716:ddc
78u&72~608

TECHNTICAL REPORT DISTRIBUTION LIST, GEN

No.
Co;fes
Dr. Rudolph J. Marcus
Office of Naval Research
Scientific Liaison Group
American Embassy
APO San Francisco 96503 1

Mr. Janes Kelley
DTNSRDC Code 2803
Annrapolis, Maryland 21402 1




SP472-3/B1

472:GAN:716:ddc
78u472-608

TECHNICAL REPORT DISTRIBUTION LIST, 051C

Coéfés

Dr. M. B. Denton
Department of Chemistry
University of Arizoma
Tucson, Arizona 85721

R. A. Osteryoung

Dr. B. R. Kocwalski
Department of Chemistry
University of Washington
Seattle, Washington 98105

Dr. S. P. Perone
Department of Chemistry
Purdue University
Lafayette, Indiana 47907

Dr. D. L. Venezky

Naval Research Laboratory
Code 6130

Washington, D.C. 20375

Dr. H. Freiser
Department of Chemistry
University of Arizona
Tuscon, Arizona 85721

Dr. Fred Saalfeld

Naval Research Laboratory
Code 6110

Washington, D.C. 20375

Dr. H. Chernoff

Department of Mathematics
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Dr. K. Wilson

Department of Chemistry

University of California, San Diego
La Jolla, California

Dr. A, Zirino
Naval Undersea Center
San Diego, California 92132

Dr. John Duffin

United States Naval Postgraduate
School

Monterey, California 93940

Dr. G. M. Hieftje
Department of Chemistry
Indiana University
Bloomington, Indiana 47401

Dr. Victor L. Rehn

Naval Weapons Center

Code 3813

China Lake, California 93555

Dr. Christie G. Enke

Michigan State University
Department of Chemistry

East Lansing, Michigan 48824

Dr. Kent Eisentraut, MBT
Air Force Materials Laboratory
Wright-Patterson AFB, Ohio 45433

Walter G. Cox, Code 3632

Naval Underwater Systems Center
Building 148

Newport, Rhode Island 02840

Professor Isiah M. Warner
Texas A&M University
Department of Chemistry
College Station, Texas 77840

Professor George H. Morrison
Cornell University
Department of Chemisty
Ithaca, New York 14853

No.
Copies




8P4 72-3/A11

472:CGAN:T71h:ddc
T8ub72-608

TECHNICAL REPORT DISTRIEBUTION LIST, 359

Pr. Paul Delahav
Devartment of Chemistryv
New York University

New York, New York 10003

Dr. E. Yeager

Department of Chemistrv

Case western Reserve lniversitv
Cleveland, Ohio 41106

Dr. D. X. Bennion

Department of Chemical Engineering
Brigham Yourg "miversitv

Provo, Utah R4602

Pr. R. A. Marcus

Devdrtmen: of Chemistry

California Institute of Technologv
Pasadena, California 91125

Dr. J. J. Auborn
Rell Laboratories
Murray Hill, New Jersev 07974

Dr. Adar Heller
Bell Laboratories
Murray ¥ill, New Jersev (7974

Pr. T. Katan

Lockheed Missiles & Space
Co, Inc.

P.0. Rox 504

Sunnvvale, California 94088

Dr. Joseph Singer, Code 302-1
NASA-Lewis

21000 BrookparV Road
Cleveland, Ohio 44135

Dr. B. Brummer

FIC Incorvporated

55 Chapel Street

Yewton, Massachusetts 02158

Library

P. R. Mallorv and Companv, Inc.
Northwest Industrial Park
Rurlington, Massachusetts 01803

No.
Covnies

p—

Pr, P. J. Hendra
Department of Chemistrv
Universitv of Southhampton
Southhampton S09 5SNK
United Kinedom

Dr. Sam Perone

Department of Chemistrv

Purdue Universitv

West Lafavette, Indiara 47907

Dr. Rovce W, Murrav

Department of Chemistrv

Universitv of North Carolina
Chapel Will, North Carolina 27514

Naval Ocean Svstems Center
Attn: Technical Library
San Diego, California 92152

Dr. C. F. Mueller
The Electrochenistrv Branch
Materials Division, Research

& Technologv Department
Naval Surface Weapons Center
White Oak Laboratorv
Silver Spring, Marvland 20910

Dr. G. Goodman

Globe-lnion Incorporated
5757 North Green Bav Avenue
Milwaukee, Wisconsin 53201

Dr. J. Boechler

Electrochimica Corporation
Attention: Technical Lihrarv
2485 Charleston PRoad

Mountain View, California 94n40

Pr. P. P. Schmidt
Department of Chenistrv
Oakland Universitv
Rochester, Michigan 48063

Dr. H. Richtol

Chemistrv Department

Rensselaer Polvtechnic Institure
Trov, New York 12181

No.

Co;Tes

ey




PL72-3/R13

TECYNICAL REPOPT DISTRIRUTION LIST, 3

472:64N:716:ddc
78ul 72-608

9,
O

Dr, A, R, Ellis
Tremistry Decgrtment
University of Wisconsin

v

Madison, Wisconsin 53706

Nr, M, Wrighron
Chemistryv Department
Mascachusetts Instirtute
of Techneology
Cambridrne, Massachuset:zs NZ130

Larry T, Plew

Naval Weaoons Support Center
Code 37734 Ruilding 2906
“rane, Yndiana 47822

<, Ruhv

ToE (STOR)

A0 F Srreet
Vishineton, DLC, 20545
Sr. o4a3ron Wold
“rown Universitv

Napartment 7 Che~istry
Providence, Rhode Tsland 02192

f'r. R. C. Chudacer-
MeGraw-Edisor Companv

tdison Batterv Division

Post (ffice Box 28
Ploormfield, New Jersev 07003

Pr, A. J. Bard
University of Texas
Departrent of Chemistry
Austin, Texas 78712

Pr. M. ¥, Nicholson
Flectronics Pesearch Center
Rockwell International

3370 Miralema Avenue
Anaheir, California

Dr, Donald W. Erast

Naval Surface Weapons (Center
Corde R-133

thite Oak Laboratory

Silver Snring, Marvland 20910

Dr. R. P. Van Duvne
Department of Chemistrv
Northwestern University
Tvanston, Illinois 60201

Pr. B, Stanlev Pons
Department of Chemistry
'niversitv of Alberta
Fdmonton, Alberta
CANADA T6C 2G2

Dr. Michael J. Weaver
Department of Chemistry
Michigan State Universitv
Fast Laneine, Michigan 48824

Dr. R. Davié Rauh

EIC Corporation

55 Chapel Street

Newton, Massactusetts 02158

Dr. J. Pavid Margerum

Research Lahoratories Division
Hughes Aircraft Company

3n11 Malibu Canvon Road
Malibu, California 90265

Dr. Martin Fleischmann
Departmen: of Chemistry
Universitv of Southampton
Southampton 509 5NH England

Dr. Janet Ostervoung
Department of Chemistry
State University of New
York at Ruffalo
Buffalo, New York 14214

. at Buffalo
uffalo, New York 14

Mr. James R. Moden

Naval Underwvater Systems
Center

Code 3632

Newport, Rhode Island 02840

No.

Copies




$P472-3/A15

472:GAN:716:ddc
78u472~608

TECHNICAL REPORT DISTRIBUTION LIST, 359

Dr. R. Nowak

Naval Research Laboratory
Code 6130

Washington, D.C. 20375

Dr. John F. Houlihan

Shenango Valley Campus
Pennsylvania State University
Sharon, Pennsylvania 16146

Dr. M. G. Sceats
Department of Chemistry
University of Rochester
Rochester, New York 14627

Dr. D. F. Shriver
Department of Chemistry
Northwestern University
Evanston, Illinois 60201

Dr. D. H. Whitmore

Department of Materials Science
Northwestern University
Evanston, Illlinois 60201

Dr. Alan Bewick

Department of Chemistry

The University

Southampton, S09 5NH England

Dr. A. Himy

NAVSEA-5433

NC #4

254] Jefferson Davis Highway
Arlington, Virginia 20362

Dr. John Kincaid

Department of the Navy

Stategic Systems Project Office
Room 901 :
Washington, DC 20376

M. L. Robertson

Manager, Electrochemical
Power Sonices Division

Naval Weapons Support Center

Crane, Indiana 47522

Dr. Elton Cairns

Energy & Environment Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Dr. Bernard Spielvogel

U.S. Army Research Office

P.0. Box 12211

Research Triangle Park, NC 27709

Dr. Denton Elliott

Air Force Office of
Scientific Research

Bldg. 104

Bolling AFB

Washington, DC 20332

No.
Copies
1

N e b i Aga aa




